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ABSTRACT 

An i n t e r i m  m i s s i o n  sequence  p l a n  for t h e  e n c o u n t e r  
p o r t i o n  of  t h e  1 9 7 5  manned Mars f l y b y  m i s s i o n  i s  p r e s e n t e d .  
The t i m e  p e r i o d  cove red  i s  from t h e  i n i t i a t i o n  o f  p r o b e  p r e -  
s e p a r a t i o n  o p e r a t i o n s  u n t i l  p robe  communicat ions are  s w i t c h e d  
from a Miss ion  Module ( M M )  t o  e a r t h  r e c e i v e r ,  

O p e r a t i o n s  are d e s c r i b e d  as a f u n c t i o n  o f  t i m e  i n  
t e r m s  o f  t h e  d i s c r e t e  e v e n t s  and c o n t i n u o u s  f u n c t i o n a l  modes 
o f  s y s t e m  e l e m e n t s .  A p r e l i m i n a r y  command and c o n t r o l  s t r u c t u r e  
i s  e s t a b l i s h e d .  A s  an i n t e g r a l  p a r t  o f  t h e  o p e r a t i o n a l  p r o f i l e  
t h e  i n f o r m a t i o n  f low i n t o  t h e  MM as a f u n c t i o n  o f  t i m e  i s  d i -  
v i d e d  i n t o  t h a t  t r a n s m i t t e d  by t h e  remote  p r o b e s  and t h a t  ac -  
q u i r e d  by on-board MM s e n s o r s .  The two-way i n f o r m a t i o n  f low 
between t h e  MM and ear th  i s  no t  c o v e r e d .  The d e c i s i o n s  a v a i l -  
able  t o  t h e  crew ( i n  c o n s u l t a t i o n  w i t h  e a r t h  as a p p r o p r i a t e )  
and t h e  c r i t e r i a  by which t h e s e  d e c i s i o n s  are  made a re  i n c l u d e d  
i n  t h e  p r o f i l e .  The i n c o r p o r a t i o n  o f  o p t i o n s  or a l t e r n a t e  p a t h s  
which t h e  m i s s i o n  may t a k e  depending  on p r e v a i l i n g  c i r c u m s t a n c e s  
comple t e s  t h e  i n t e r i m  d e s c r i p t i o n  o f  o p e r a t i o n s .  I n  e a c h  sub- 
phase  areas  n e e d i n g  f u r t h e r  s t u d y  t o  p e r m i t  a more p r e c i s e  
d e f i n i t i o n  of t h e  o p e r a t i o n a l  p r o f i l e  a r e  i d e n t i f i e d  and a r e  
b r i e f l y  d i s c u s s e d  i n  an appendix .  
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1 . 0  I N T R O D U C T I O N  

1.1 Purpose  

The pu rpose  o f  t h i s  memorarlaum i s  t o  p r o v i d e  an i n t e r i m  
o p e r a t i o n a l  s t a t e m e n t  o f  t h e  e n c o u n t e r  p o r t i o n  o f  t h e  1975 
Mars f l y b y  m i s s i o n  c u r r e n t l y  unde r  s t u d y  w i t h i n  Bellcomm. It i s  
i n t e n d e d  t h a t  t h i s  i n t e r i m  s t a t e m e n t  (1) s e r v e  as t h e  bas i s  for 
i d e n t i f y i n g  t h e  r o l e  of man on t h e  1975 Mars f l y b y  m i s s i o n  and 
( 2 )  p r o v i d e  a f o c u s  f o r  i d e n t i f y i n g  m i s s i o n  and  sys t ems  areas re -  
q u i r i n g  s t u d y .  
e v e n t u a l l y  be i n c l u d e d  i n  a n  o p e r a t i o n a l  p r o f i l e  d e s c r i b i n g  t h e  
e n t i r e  m i s s i o n .  Quoted numer i ca l  q u a n t i t i e s  a re  t e n t a t i v e  and 
a r e  based  on p r e l i m i n a r y  a n a l y s e s ,  e s t i m a t i o n s ,  and t h e  a u t h o r ' s  
j udgmen t .  * 

An upda ted  v e r s i o n  o f  t h i s  m i s s i o n  sequence  p l a n  w i l l  

1 . 2  Scope 

The sys tem e l emen t s  cove red  a r e  t h e  Miss ion  Module 
( N M ) ,  crew,  r emote  p r o b e s ,  and earth-based c o n t r o l  c e n t e r .  The 
o p e r a t i o n s  and e v e n t s  d e s c r i b e d  a r e  g e n e r a l l y  l i m i t e d  t o  t h o s e  
i n v o l v i n g  t h e  e x p e r i m e n t s  payload d u r i n g  t h e  e n c o u n t e r  p o r t i o n  
o f  t h e  o v e r a l l  Mars f l y b y  m i s s i o n .  T h i s  p e r i o d  b e g i n s  a t  t h e  
i n i t i a t i o n  o f  p robe  p r e - s e p a r a t i o n  o p e r a t i o n s  and t e r m i n a t e s  
when p robe  communicat ions a r e  s w i t c h e d  f rom a n  MM t o  e a r t h  re-  
c e i v e r ,  i . e . ,  a t  t h e  d a t a  r a t e  b r e a k  even  p o i n t .  The o p e r a t i o n a l  
s e q u e n c e s  i n v o l v e  c o n c e p t u a l l y  d e f i n e d  hardware  and a re  based on 
c u r r e n t l y  known m i s s i o n  c o n s t r a i n t s .  ' j 2  

t i o n a l  p r o f i l e  i s  t h e  v i s u a l  and n o n - v i s u a l  da ta  f l o w  i n t o  t h e  
MM command and c o n t r o l  c e n t e r  s u b d i v i d e d  i n t o  t h a t  t r a n s m i t t e d  
by t h e  r emote  p r o b e s  and t h a t  a c q u i r e d  b y  on-board s e n s o r s .  

I n c l u d e d  i n  t h e  o p e r a -  

1 . 3  Miss ion  Sequence P l a n  S t r u c t u r e  

The fo rma t  i s  modeled a f t e r  t h e  Apo l lo  Miss ion  Sequence 
P l a n  (Bellcomm T R - 6 5 - 2 1 4 - 1 ) .  Wi th in  t h i s  s t r u c t u r e  t h e  e n c o u n t e r  

%The n u m e r i c a l  v a l u e s  s p e c i f i c a l l y  d e s c r i b e  t h e  1975 Mars 
f l y b y  m i s s i o n .  However, t h e  o p e r a t i o n s  concep t  w i t h  m i s s i o n  
p e c u l i a r  m o d i f i c a t i o n  of  numer i ca l  v a l u e s  i s  a p p l i c a b l e  t o  a l l  
manned p l a n e t a r y  e n c o u n t e r  m i s s i o n s .  
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p o r t i o n  o f  t h e  m i s s i o n  i s  d e s c r i b e d  i n  terms o f  t h e  f o l l o w i n g  
p h a s e s :  (1) Probe P r e - A r r i v a l  and ( 2 )  Probe P o s t - A r r i v a l ,  b o t h  
o f  which a re  d i v i d e d  i n t o  subphases .*  

Each phase i s  p r e s e n t e d  i n  two complementary p a y t s ,  
a n a r r a t i v e  and a t a b l e .  Areas which have been  i d e n t i f i e d  as 
n e e d i n g  f u r t h e r  s t u d y  are marked i n  t h e  t e x t  ( b u t  n o t  i n  t h e  
p h a s e  summaries)  w i t h  a n  a s t e r i s k ,  d e f i n e d  i n  t h e  Appendix,  and 
l i s t e d  i n  T a b l e  I or 11, as a p p r o p r i a t e .  Areas r e l y i n g  on sup- 
p o r t i n g  background i n f o r m a t i o n  are  a l s o  marked i n  t h e  t e x t  
( n o t  i n  t h e  phase  s u m m a r i e s ) .  The r e q u i r e d  i n f o r m a t i o n  i s  
b r i e f l y  p r e s e n t e d  i n  e i t h e r  f o o t n o t e s  or t h e  Appendix,  b u t  does  
n o t  a p p e a r  i n  t h e  t ab l e s .  

2 . 0  MISSION SEQUENCE 

The m i s s i o n  sequence i s  based on t h e  f o l l o w i n g :  

1. The m i s s i o n  i s  a 1 9 7 5  h y p e r b o l i c  f l y b y  o f  Mars w i t h  

p e r i a p s i s  a l t i t u d e  o f  abou t  300  k ~ n . ~  
p o s i t i o n s  on t h e  h y p e r b o l a  i s  assumed c o n s t a n t  at 
1 0  km/sec. 

V e l o c i t y  a t  a l l  

2 .  S p a c e c r a f t  maneuvers t o  change MM p e r i a p s i s  p a s s a g e  
t i m e ,  i . e . ,  m a r t i a n  l o n g i t u d e  a t  which MM p e r i a p s i s  
o c c u r s ,  a r e  per formed p r i o r  t o  s e p a r a t i o n  o f  t h e  
p r o b e s .  

3.  The s y s t e m  c o n s i s t s  o f :  t h e  crew; t h e  MM, which 
houses  t h e  crew and s e r v e s  as a command and  c o n t r o l  
c e n t e r  and exper iment  p l a t f o r m ;  a Mars S u r f a c e  Sample 
Re tu rn  probe  (MSSR), i n c l u d i n g  a Rendezvous V e h i c l e  
(RV) used  t o  r e t u r n  a s u r f a c e  sample t o  t h e  MM; a 
s u r f a c e  Geophysics  Lander  (GL)  ; a P h o t o g r a p h i c  O r b i t e r  
( P O ) ;  and t h r e e  Aero-Drag E n t r y  p r o b e s  ( A D ) .  R e f -  
e r e n c e  1 c o n t a i n s  a c o n c e p t u a l  d e f i n i t i o n  o f  t h e  
sys t em.  

4 .  A maximum o f  s i x  d i s c r e t e  t r a n s m i s s i o n  bandwidths  i s  
4 

p e r m i t t e d  f o r  each  p r o b e .  **  
5.  The a r r i v a l s  of t h e  MSSR, GL, and  PO are  t imed  t o  

r e s u l t  i n  t h e  maximum t i m e  compress ion  o f  o p e r a t i o n s .  

*Probe a r r i v a l  i s  d e f i n e d  as t h e  t i m e  o f  a r r i v a l  a t  t h e  
t a r g e t  l o c a l i t y  i n  t h e  Mars env i ronmen t .  The t a r g e t  l o c a l i t y  
f o r  e a c h  t y p e  of p robe  i s  d e f i n e d  i n  S e c t i o n  2 . 1 . 1 .  

**See Appendix ( 2 . 0  - A )  
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A l i s t i n g  o f  t h e  subphases  unde r  e a c h  phase  w i t h  ap-  
p r o x i m a t e  d u r a t i o n s  and t r a n s i t i o n  p o i n t s  i s  p r e s e n t e d  i n  t h e  
f o l l o w i n g  t a b l e  a s  a g e n e r a l  o u t l i n e  of t h e  m i s s i o n  sequence .  

co ' SUBPHASES W c o !  

P r e - s e p a r a t  i o n  
o p e r a t  i o n s  

I n j e c t i o n s  

Mars a p p r o a c h  

Mars a r r i v a l  

P robe  a r r i v a l s  
t h r o u g h  check-  
o u t  s 

Pre-RV l i f t o f f  
o p e r a t  i o n s  

RV f l i g h t  

D i r e c t  PO photc 
g r a p h i c  readoui  

APPROXIMATE TRANSITION POINTS 
DURATION 

----------.- 
Daysj Hours Minu tes  

2 

I 
21 

t 
i 
I 

17 

18 

, 

2 
i 

i 

Pre -b reak  even  i 
p o i n t  o p e r a -  
t i o n s  

1 

7 1  
I 

I n i t i a t i o n  o f  p r o b e  
p r e - s e p a r a t i o n  opera-  
t i o n s  

Probe  s e p a r a t i o n s  

F i r s t  p robe  midcour se  
c o r r e c t i o n s  

A r r i v a l  o f  f i r s t  AD 

A r r i v a l  o f  GL 

PO a r r i v a l  

2 20 

: Comple t ion  of  GL 
; checkou t  \ 

f 
! 58 
n * RV l i f t o f f  
i 

16 i 
i 

1 
1 Rendezvous w i t h  MM 
i . 
i 
i Photo  q u a l i t y  d e g r a -  
f d a t i o n  due  to s i g n a l -  
! t o - n o i s e  r a t i o  con- i s t r a i n t  

15 21 

I 
1 

1 

t Break  even  p o i n t  
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2 . 1  Probe P r e - A r r i v a l  Phase --. 

2 . 1 . 1  Phase D e f i n i t i o n  

2 . 1 . 2  Nominal Miss ion  Phase D e s c r i p t i o n  

2 . 1 . 2 . 1  Summary 

2 . 1 . 2 . 2  Subphase D e s c r i p t i o n s  

2 . 1 . 2 . 2 . 1  P r e - S e p a r a t i o n  O p e r a t i o n s  

2 . 1 . 2 . 2 . 2  I n j e c t i o n s  

2 . 1 . 2 . 2 . 3  Mars Approach 

2 . 1 . 2 . 2 . 4  Mars A r r i v a l  

2 . 1 . 1  Phase  D e f i n i t i o n  

T h i s  phase  c o v e r s  t h e  t i m e  p e r i o d  from t h e  i n i t i a t i o n  
o f  p r o b e  p r e - s e p a r a t i o n  o p e r a t i o n s  u n t i l  t h e  a r r i v a l  o f  t h e  
p r o b e s  a t  Mars. 

The AD p r o b e s  a r r i v e  e a r l y  enough t o  p r o v i d e  atmo- 
s p h e r i c  d a t a  f o r  u s e  i n  f i n a l  t r a j e c t o r y  c o r r e c t i o n s  f o r  t h e  
MSSR, GL, and PO. The a r r i v a l  t i m e  of  t h e  MSSR i s  f i x e d  i n  
o r d e r  t o  a l l o w  j u s t  enough t i m e  f o r  s u r f a c e  o p e r a t i o n s  p r i o r  t o  
i n - p l a n e  RV l i f t o f f .  The GL a r r i v a l  r e l a t i v e  t o  t h a t  o f  t h e  
MSSR i s  a r r a n g e d  t o  r e s u l t  i n  a maximum t i m e  compress ion  of 
o p e r a t i o n s  w h i l e  a v o i d i n g  a d i r e c t  o p e r a t i o n s  c o n f l i c t .  A r r i v a l  
of  t h e  PO i s  t imed  t o  a v o i d  an o p e r a t i o n a l  c o n f l i c t  b u t  a l s o  t o  
make t h e  i n j e c t i o n  v e l o c i t y  change as  low a s  p o s s i b l e .  The t i m e  
o f  a r r i v a l  o f  e a c h  p robe  r e l a t i v e  t o  MM D e r i a p s i s  p a s s a g e ,  w i t h  
t h e  d e f i n i t i o n  o f  its a r r i v a l  l o c a l i t y ,  i s  se t  f o r t h  i n  t h e  fol- 
l o w i n g  t a b l e .  

Appr ox i m a  t e 
Probe  A r r i v a l  Time 

(Hours-Minutes) 
AD 1 -24 

AD 2 -20 
AD 3 -16 

PO - 3  3 0  

MSSR - 2  24  

GL - 2  09 

A r r i v a l  L o c a l i t y  

About 2 2 0  km e n t r y  a l t i t u d e  
w i t h i n  a p p r o x i m a t e l y  4 5 O  
c e n t r a l  a n g l e  f rom sub-MM 
p o i n t .  

About 300 km a l t i t u d e  ap-  
p r o x i m a t e l y  o v e r  Nor th  P o l e  

T a r g e t  l a n d i n g  s i t e  

T a r g e t  l a n d i n g  s i t e  
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T h i s  g r o s s  t i m e  p e r i o d  i s  s u b d i v i d e d  i n t o  f o u r  sub- 
p h a s e s :  (1) p r e - s e p a r a t i o n  o p e r a t i o n s ;  ( 2 )  i n j e c t i o n s ;  ( 3 )  Mars 
approach ;  and (4) Mars a r r i v a l .  

2 . 1 . 2  Nominal Miss ion  Phase  D e s c r i p t i o n  

2 . 1 . 2 . 1  Summary 

I n  t h i s  phase  t h e  crew p r e p a r e s  e a c h  o f  t h e  p r o b e s  f o r  
s e p a r a t i o n  from t h e  MM by c a r r y i n g  o u t  a sequence  which i n c l u d e s  
subsys t ems  checkou t ,  s t e r i l e  r e p a i r  i f  n e c e s s a r y ,  and v a r i o u s  
p r o b e  command and c o n t r o l  o p e r a t i o n s .  The crew t h e n  s e q u e n t i a l l y  
commands p r o b e  s e p a r a t i o n s  from t h e  MM. For e a c h  p r o b e ,  s e p a r a -  
t i o n  i s  f o l l o w e d  v e r y  s h o r t l y  by t h e  a u t o m a t i c  e x e c u t i o n  of  
i n j e c t i o n  i n t o  i t s  p r e d e t e r m i n e d  Mars t r a n s f e r  t r a j e c t o r y .  Dur- 
i n g  t h e  t r a n s f e r ,  midcour se  c o r r e c t i o n s  a r e  a p p l i e d  t o  t h e  p r o b e s  
as n e c e s s a r y  f o r  t a r g e t i n g .  The AD p r o b e s  a r r i v e  e a r l y  enough t o  
p r o v i d e  p r e - a r r i v a l  a t m o s p h e r i c ,  and p o s s i b l y  g e o d e t i c ,  d a t a  f o r  
u s e  i n  f i n a l  t r a j e c t o r y  c o r r e c t i o n s  f o r  t h e  o t h e r  p r o b e s .  

The crew pe r fo rms  t e l e s c o p i c  Mars photography i n  p a r a l -  
l e l  w i t h  t h e  above o p e r a t i o n s  a n d ,  on t h e  basis  of p h o t o g r a p h i c  
d a t a ,  may make p o s t - i n j e c t i o n  changes  i n  nominal  p r o b e  m i s s i o n s  
w i t h i n  t i m e  and p r o p u l s i o n  subsys tem c o n s t r a i n t s .  
fo rms  i n t e r m i t t e n t  o p t i c a l  and r a d a r  t r a c k i n g  o f  t h e  p r o b e s  and 
c o n d u c t s  p e r i o d i c  p robe  subsys tem i n t e r r o g a t i o n s .  The f o r m e r  
p r o v i d e s  d a t a  f o r  midcour se  c o r r e c t i o n  computa t ions  w h i l e  t h e  
l a t t e r  a l l o w s  d e t e r m i n a t i o n  of subsys t ems  s t a t u s .  Throughout  
t h i s  phase  t h e  crew c o n t r o l s  o p e r a t i o n s ,  c o n s u l t i n g  t h e  e a r t h  
c o n t r o l  c e n t e r  as n e c e s s a r y  and when f e a s i b l e .  

2 . 1 . 2 . 2  Subphase D e s c r i p t i o n  

The crew p e r -  

2 . 1 . 2 . 2 . 1  P r e - S e p a r a t i o n  O p e r a t i o n s  

The Probe P r e - A r r i v a l  p h a s e  i s  i n i t i a t e d  w i t h  crew 
pe r fo rmance  o f  p robe  p r e - s e p a r a t i o n  o p e r a t i o n s .  The subphase  
d u r a t i o n  i s  abou t  65 h o u r s  and t h e  r e q u i r e d  f u n c t i o n s  a re  con- 
d u c t e d  a l m o s t  e n t i r e l y  i n  p a r a l l e l  w i t h  t h o s e  of t h e  i n j e c t i o n s  
subphase  ( 2 . 1 . 2 . 2 . 2 ) .  

For e a c h  p r o b e  t h e r e  are  f i v e  b a s i c  t y p e s  o f  o p e r a t i o n s  
t h a t  t h e  crew w i l l  p e r f o r m  s e q u e n t i a l l y :  

(1) checkout  of p r o b e  s y s t e m s ;  

( 2 )  s t e r i l e  r e p a i r  o f  p robe  s y s t e m s ,  i f  n e ~ e s s a r y ; * ~  

*See Appendix ( 2 . 1 . 2 . 2 . 1  - A )  
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( 3 )  a l i g n m e n t  o f  p robe  i n e r t i a l  p l a t f o r m s  w i t h  MM p l a t f o r m ;  

( 4 )  command of  probe  i n t o  i n e r t i a l  h o l d  a t t i t u d e  c o n t r o l  
mode; and 

( 5 )  p r e - s e p a r a t i o n  i n s e r t i o n  i n  p robe  memory of  i n j e c t i o n  
maneuver a t t i t u d e  and v e l o c i t y  change .  

For e a c h  o f  t h e  probe  t y p e s ,  t h e  f o l l o w i n g  t a b l e  p r e -  
s e n t s  t h e  estimated d u r a t i o n s  and i n f o r m a t i o n  r a t e s  needed to 
p e r f o r m  sys t ems  checkou t  and t h e  es t imated t i m e  r e q u i r e m e n t s  f o r  
s t e r i l e  crew r e p a i r .  * 

E s t i m a t e d  Checkout E s t i m a t e d  Checkout E s t i m a t e d  
Probe  Type D u r a t i o n  I n f o r m a t i o n  Ra te  R e p a i r  T i m e  

AD 5 l o 2  6 

(Minu tes  ) ( b P d  (Hours) 

GL 15 103 12 

PO & MSSR 1 5  2 1 0 3  18 

These  segments  o f  t i m e  a r e  used  to c o n s t r u c t  t h e  sub- 
p h a s e  p r o f i l e  i n  modular  f a s h i o n ,  t h u s  e f f e c t i n g  a d e g r e e  of  
f l e x i b i l i t y .  

The subphase  s t a r t s  f o r  e a c h  p r o b e  w i t h  a s y s t e m s  
c h e c k o u t .  I f  a n  anomaly r e q u i r i n g  r e p a i r  i s  d e t e c t e d ,  t h e  c rew 
must  comple t e  t h e  needed r e p a i r s  p r i o r  to t h e  s c h e d u l e d  p r o b e  
s e p a r a t i o n .  T h i s  f u n c t i o n  c o n s i s t s  of  a n  i t e r a t i v e  p r o c e d u r e  
i n v o l v i n g  a p p r o p r i a t e  c h e c k o u t s  a s  t h e  r e p a i r s  p r o g r e s s .  I f  
a d d i t i o n a l  r e p a i r  t i m e  i s  needed,  c o n s i d e r a t i o n  i s  g i v e n  to r e -  
s c h e d u l i n g  t h e  p robe  s e p a r a t i o n  f o r  a l a t e r  t i m e . * *  

If t h e  sys t ems  checkout  which i n i t i a t e s  t h e  subphase  
i n d i c a t e s  t h a t  p robe  r e p a i r s  a re  n o t  r e q u i r e d ,  t h e  nominal  
m i s s i o n  c o n t i n u e s  u n t i l  about  3 0  m i n u t e s  p r i o r  to s c h e d u l e d  
s e p a r a t i o n .  The c rew t h e n  a l i g n s  t h e  p r o b e  and MM i n e r t i a l  
p l a t f o r m s  and commands t h e  probe  to r ema in  i n  a n  i n e r t i a l  ho ld  
a t t i t u d e  c o n t r o l  mode. The crew i n s e r t s  t h e  i n j e c t i o n  maneuver 
a t t i t u d e  and  v e l o c i t y  change v a l u e s  i n  t h e  p r o b e  memory and 
i n i t i a t e s  t h e  maneuver t i m e  s equence .  The i n j e c t i o n  maneuver 
i s  mon i to red  by t h e  crew and e x e c u t e d  o v e r  a p e r i o d  o f  a b o u t  
30 m i n u t e s  a f t e r  probe  s e p a r a t i o n  f rom t h e  MM.*S* 

*See Appendix ( 2 . 1 . 2 . 2 . 1  - B )  

**See Appendix ( 2 . 1 . 2 . 2 . 1  - C )  

***See Appendix ( 2 . 1 . 2 . 2 . 1  - D )  
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Assuming t h e  n e c e s s a r y  t a r g e t i n g  i n f o r m a t i o n  to b e  
a v a i l a b l e ,  t h e  f o l l o w i n g  sequence  o f  o p e r a t i o n s  and e s t i m a t e d  
e l a p s e d  t imes a re  e s s e n t i a l l y  common to a l l  p r o b e s .  

O p e r a t i o n  

1. Deployment o f  omni-antennas and 
e s t a b l i s h m e n t  o f  communications l i n k  

2 .  E x e c u t i o n  o f  i n j e c t i o n  maneuver ,  
i . e . ,  a t t i t u d e  and v e l o c i t y  change 

E s t i m a t e d  
E lapsed  Time 

(Hours-Minutes)  

15 

30 

3 .  E s t a b l i s h m e n t  o f  MM-probe v i s u a l  l i n k  15 
4* Probe a c q u i s i t i o n  o f  s t e l l a r  

r e f e r e n c e  

5 .  Deployment of  s o l a r  p a n e l s  ( i f  
a p p l i c a b l e )  and h igh  g a i n  a n t e n n a  

3 0  

15 

6 .  Probe  subsys t ems  checkout  15 

7 .  Radar and o p t i c a l  t r a c k i n g  4 - 00  

8.  Probe  subsys t ems  checkout  15 

9 .  First midcourse  c o r r e c t i o n  maneuver 45 

1 0 .  Probe subsys tems checkout  15 

T o t a l  E l a p s e d  T i m e  - 7 - 15 

Nominal t a r g e t i n g  for t h e  AD and PO p robes  i s  d e t e r -  
mined p r i o r  to e a r t h  d e p a r t u r e .  These  p r o b e s  a re  i n j e c t e d  b e f o r e  
t h e  MSSR and GL to a l l o w  a c q u i s i t i o n  o f  h i g h e r  r e s o l u t i o n  photo-  
g r a p h i c  i n f o r m a t i o n  f o r  MSSR and  GL t a r g e t i n g . *  T a r g e t i n g  o f  t h e  
GL and MSSR i s  de te rmined  by  t h e  crew on t h e  bas i s  o f  o p t i c a l  
p h o t o g r a p h i c  data  o b t a i n e d  d u r i n g  t h e  ear th-Mars  t r a n s f e r  as w e l l  as  
d u r i n g  t h e  p e r i o d  immedia te ly  p r i o r  to s e q u e n t i a l  l a u n c h  o f  the t w c i  

*See Appendix ( 2 . 1 . 2 . 2 . 2  - A )  
, 
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p r o b e s .  T h i s  l a t t e r  i n f o r m a t i o n  c o n s i s t s  o f  1 6  p h o t o z r a p h s  t a k e n  
a t  1 .5 -hour  i n t e r v a l s  i n  o r d e r  t o  p r o v i d e  good r e s o l u t i o n  cov- 
e r a g e  for e v e r y  22.5O o f  r o t a t i o n  o f  t h e  p l a n e t .  T h i s  r e q u i r e s  
a d u r a t i o n  o f  22.5 h o u r s ,  wh i l e  o p t i c a l  t r a c k i n g  of t h e  p r e v i -  
o u s l y  l aunched  p r o b e s  i s  perforw.!d i n  t h n  1.5-hour i n t e r v a l s  bc- 
tween p h o t o m a p h s .  Allowing an a d d i t i o n a l  1 . 5  h o u r s  for f i n a l  
da t a  a n a l y s i s  and t a r g e t i n s  d e c i s i o n s  b27 t h e  crew r e s u l t s  i n  a 
t o t a l  time r e q u i r e m e n t  for TJSSR and GL t e r g e t i n g  o f  about  24 h o u r s .  
Photography of Mars u s i n g  t h e  MM t e l e s c o p e  subseque l i t l y  c o n t i n u e s  
w i t h  a pho tograph  b e i n g  o b t a i n e d  e v e r y  t h r e e  h o u r s  t h r o u g h  -3 h o u r s .  

6 

The t o t a l  e l a p s e d  o p e r a t i o n s  t i m e  o f  abou t  7 hours 15 
m i n u t e s  for e a c h  p r o b e  i s  used  i n  c o n j u n c t i o n  w i t h  t h e  GL and 
MSSR t a r g e t i n g  r e q u i r e m e n t  of  24 h o u r s  to c o n s t r u c t  t h e  i n t e -  
g r a t e d  subphase  p r o f i l e .  

2 . 1 . 2 . 2 . 3  Mars Approach 

The d u r a t i o n  o f  t h e  p robe  f l i g h t s  i s  e s t i m a t e d  a t  be-  
tween  two and t e n  days  d u r i n g  which t e l e s c o p i c  photography o f  
Mars c o n t i n u e s  a t  a nominal  r a t e  of one e x p o s u r e  e v e r y  t h r e e  
h o u r s ,  i . e . ,  f o r  abou t  e v e r y  45' of  p l a n e t  r o t a t i o n .  The crew 
e v a l u a t e s  t h e s e  i n c r e a s i n g l y  h i g h e r  r e s o l u t i o n  p h o t o g r a p h s  t o  
d e t e r m i n e  whe the r  t h e  p r o b e  nominal  m i s s i o n s  s h o u l d  be  changed .*  

I n t e r m i t t e n t  o p t i c a l  and r a d a r  t r a c k i n g  o f  t h e  p r o b e s  
i s  performed by t h e  crew ( i n  p a r a l l e l  w i t h  p l a n e t a r y  pho tography)  
i n  o r d e r  to p r o v i d e  t h e  d a t a  needed f o r  midcour se  maneuvers.**7 
T h e  crew i n t e r r o g a t e s  t h e  probe  subsys t ems  p r i o r  and subsequen t  
to e a c h  midcourse  c o r r e c t i o n  to d e t e r m i n e  subsys t ems  s t a t u s .  
Based on t h e  r e s u l t s  o f  t h e  i n t e r r o g a t i o n ,  t h e  crew d e c i d e s  
whe the r  to c o n t i n u e  t h e  nominal m i s s i o n  i n  p r o g r e s s  or t o  p r o -  
ceed  w i t h  a degraded  m i s s i o n  p r o f i l e .  The o p t i o n  of  t e r m i n a t i n g  a 
p r o b e  m i s s i o n  i n  t h e  e v e n t  of a s e r i o u s  m a l f u n c t i o n  i s  a v a i l a b l e  
i n  a l l  subphases .  

2 . 1 . 2 . 2 . 4  Mars A r r i v a l  

The e a r l y  a r r i v a l  o f  t h e  AD p r o b e s  i s  i n t e n d e d  to 
p e r m i t  o b t a i n i n g  a t m o s p h e r i c ,  and p o s s i b l y  g e o d e t i c ,  i n f o r m a t i o n  
p r i o r  to t h e  a r r i v a l s  of t h e  MSSR, GL, and PO p robes .***  A d a t a  
r a t e  o f  3 x l o 3  bps  f o r  about  t e n  seconds  r e s u l t i n g  i n  a t o t a l  
of 9 x l o 4  b i t s  of a tmosphe r i c  i n f o r m a t i o n  i s  e x p e c t e d  from t h e  
AD p r o b e s .  

*See Appendix ( 2 . 1 . 2 . 2 . 3  - A )  

**See Appendix ( 2 . 1 . 2 . 2 . 3  - B and C )  

***See Appendix ( 2 . 1 . 2 . 2 . 4  - A )  
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The a r r i v a l  t imes o f  t h e  MSSR, GL, and PO a r e  g i v e n  
i n  t h e  t a b l e  c o n t a i n e d  i n  t h e  Phase D e f i n i t i o n  ( 2 . 1 . 1 ) .  These 
a r r i v a l  t i m e s  a r e  a r r a n g e d  to r e s u l t  i n  th.e maximum f e a s i b l e  
compress ion  o f  o p e r a t i o n s  w i t h  r e s p e c t  to t i m e .  The r e s u l t i n g  
o p e r a t i o n a l  p r o f i l e  i s  such  t h a t  o n l y  one o f  t h e  t h r e e  p r o b e s  
i s  i n  communication w i t h  t he  MM a t  any i n s t a n t . "  

The MM o p t i c a l  pho tograph ic  sequence  o f  one photo  
e v e r y  t h r e e  hour s  c o n t i n u e s  t h r o u g h  t h i s  subphase  w i t h  t h e  
p l a n e t a r y  image j u s t  f i l l i n g  t h e  p h o t o g r a p h i c  p l a t e  f o r  t h e  

p h o t o  o b t a i n e d  a t  -6 h o u r s . 8  
5 x lo1' b i t s  o f  v i s u a l  m a r t i a n  s u r f a c e  i n f o r m a t i o n .  
-3 h o u r s  and -2 h o u r s  45 minu tes  f o u r  p h o t o s  a r e  o b t a i n e d  which 
t o g e t h e r  c o v e r  t h e  e n t i r e  v i s i b l e  f a c e  o f  t h e  p l a n e t .  T h i s  s e t  
o f  e x p o s u r e s  p r o v i d e s  a b o u t  2 x b i t s  o f  v i s u a l  m a r t i a n  s u r -  
f a c e  i n f o r m a t i o n .  

T h i s  pho to  would c o n t a i n  abou t  
Between 

Because t o t a l  v i s i b l e  s u r f a c e  a r e a  cove rage  w i t h  t h e  
t e l e s c o p e  sys tem r e q u i r e s  an i n c r e a s i n g l y  l a r g e r  number o f  p h o t o s  
as p e r i a p s i s  i s  approached ,  t h e  r e q u i r e d  sys t em s l e w i n g  r a t e s  
c o r r e s p o n d i n g l y  i n c r e a s e  to a p o i n t  where t h e y  exceed  t h e  t e c h -  
n o l o g i c a l  l i m i t .  For t h i s  r e a s o n  u s e  o f  t h e  o p t i c a l  sys tem 
between -2 hour s  45 m i n u t e s  and t e r m i n a t o r  c r o s s i n g  ( -90  s e c o n d s )  
i s  r e l e g a t e d  to a s e l e c t i v e  p h o t o g r a p h i c  sampl ing  r o l e .  T h i s  
s e l e c t i v e  photography i s  r e g u l a t e d  by a pre-programmed t e l e s c o p e  
p h o t o g r a p h i c  sequence  w i t h  provisLon f o r  crew o v e r r i d e . * *  The 
pre-proerammed sequence  i s  e s t a b l i s h e d  by t h e  crew' i n  t h e  p e r i o d  
from -6 h o u r s  to -3 h o u r s  and i s  based  p r i m a r i l y  on pho tographs  
o b t a i n e d  t h r o u g h  -6 h o u r s .  I t  i s  assumed t h a t  t h e  sequence  
would r e s u l t  i n  an  a v e r a g e  of a b o u t  one e x p o s u r e  e v e r y  2 . 5  
m i n u t e s .  The MSSR and GL l a n d i n g  s i t e s  would be  two of  t h e  
t a r g e t s  i n c l u d e d  i n  t h e  sequence ,  t h u s  p e r m i t t i n g  a n  a c c u r a t e  
d e t e r m i n a t i o n  o f  t h e  MSSR l a n d i n g  s i t e  l o c a t i o n  f o r  l a t e r  u s e  
i n  i n i t i a l i z i n g  RV f l i g h t  (Subphase 2 . 2 . 2 . 2 . 5 ) . * * *  

6 

* T h e r e f o r e ,  probe-MM o p e r a t i o n s  c o u l d  be per formed u s i n g  a 
s i n g l e  MM h i g h  g a i n  a n t e n n a  w i t h  a second s i m u l t a n e o u s l y  t r a n s -  
m i t t i n g  to e a r t h  or b e i n g  he ld  i n  r e s e r v e  as a backup.  

**See Appendix ( 2 . 1 . 2 . 2 . 4  - B )  
***It i s  a n t i c i p a t e d  t h a t  a f l a s h i n g  s t r o b e  l i g h t  would be 

l o c a t e d  aboa rd  e a c h  o f  t h e  s u r f a c e  p r o b e s .  



1 

3 
> 

3 

> 
\ 

3 

3 
7 

3 * 

3 
9 

> 

1 

3 

9 

I 
I 
I 
I 
I 
I 
I 
I 

T 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I. 
I 
I 
I 
I 
I 
I 
I 

- 

0 

0 
. 

n 
4: 

z 

+ 4 

4 

co 

- 

. il 

I 

- 
5 
Y 

'9' 2 
I 

d 

z z 



. I  

5 W  I b - v ,  
l a 

I e 

z 
a 

> - 
OL 
OL 

I 
W 
OL e 
Lu 
m 
0 
OL e 

z 
I 

I 
I 
I 

I 
I 

,I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

21 
:I 
J I  
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
t 
I 
I 
I 
I 
I 
I 
I 

I - 
f :  

~ 

1- 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 -  
I ;  
1 %  
I ! ?  
I .  
I f f  

I 
I 
I 

I 
I 
I 
I 
I 
I 
i 
I 
I 

A 

; ;  
; I  

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
i 
I 
I 

I 
I 
I 
t 
I 
I 
I 
I 
I 
I 

2 ;  

I, 
L- 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I7 
1: 
1, 
I- 
I S  
I' 

il 
-1- 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

J i  
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

;I 

1'. > I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 -  
I z 
I 
I - 

I 
I 
I 
I 

- 
L 
..l 

; 2  

-.- 
I 
I 
I 
I 
I 
I 
I 
I 
: 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

: I  
i ;  
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

' I  

I 
I 
I 
I 
I 
I I 

-1- 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

: I  

Ii - 

-r 
I 

! 
I 
I 
I 

: I  

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

, I  
' I  
' I  

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

i i  

1 



- C  

3 
N 

I 
I 
I 
I 
! 
c 
f 
I 
I 
I 
I 



Y > 
0 
m * 
0 

c 
- 
n z 

w * 
> 
L 
0 

* 
q 

0 r 

, 
Y 

Z 

0 
I 

Y 

0 , 

- 

- 
- 

W W  OlNl 
Mol4 NOIlVWLIO4NI 

Mol4 NOllVW LIOjNI 

Ly A 
ma 

4: > 
4: 

2 

- 
SNOIS i x a  

In 
d 
oc 
4: 



v)  
E Y 

3 
Y z 

I 
W z 
c 
W 

4 
Y 
E 

w 
2 m - - 0 

- 

- 

H 
Y E 

& 

0 

E 
w 
0 
0 E 

H 
Y 
E Y 

0 - 
z 

I 
0 

v)  

3 - v)  

I 
"4 

0 

Y 

E t 

- 

- 

Y 
0 = Y 

z 
I 
z 

3 
Y 

0 
a 
Y 

z 0 

c 4 

- 
- 
Y 

0 

a. * 
E 

Y 

4 

- 



c- x- 
a" 

> I 

a 

c 
0 

0 



BELLCOMM, INC - 10 - 

2 . 2  Probe P o s t - A r r i v a l  Phase 

2 . 2 . 1  Phase D e f i n i t i o n  

2 . 2 . 2  Nominal Miss ion  Phase D e s c r i p t i o n  

2 . 2 . 2 . 1  Summary 

2 . 2 . 2 . 2  Subphase D e s c r i p t i o n s  

2 . 2 . 2 . 2 . 1  Probe A r r i v a l s  t h rough  Checkouts  

2 . 2 . 2 . 2 . 2  P r e - R V  L i f t o f f  O p e r a t i o n s  

2 . 2 . 2 . 2 . 3  RV F l i g h t  

2 . 2 . 2 . 2 . 4  D i r e c t  PO Pho tograph ic  Readout 

2 . 2 . 2 . 2 . 5  P r e - B r e a k  Even P o i n t  O p e r a t i o n s  

2 . 2 . 1  Phase D e f i n i t i o n  

The d u r a t i o n  of t h i s  phase  f o r  t h e  PO, MSSR, and GL 
p r o b e s  c o n s i s t s  o f  t h e  t i m e  e l a p s e d  from t h e i r  a r r i v a l s  to t h e  
da ta  r a t e  b r e a k  even p o i n t ,  a t  which t h e  data r a t e  c a p a c i t i e s  
to t h e  MM and t h e  e a r t h  a r e  e q u a l .  T r a n s m i s s i o n  from t h e  p r o b e s  
t o  t h e  MM a t  g r e a t e r  r a n g e s  would r e s u l t  i n  a lower  t o t a l  da t a  
o u t p u t  f o r  t h e  o v e r a l l  m i s s i o n .  

S i n c e  t h e  da ta  r a t e  b r e a k  even  p o i n t  i s  independen t  
o f  t h e  probe  t r a n s m i s s i o n  sys t em,  i t  i s  t h e  same f o r  a l l  t h r e e  
o f  t h e  p r o b e s . "  The b reak  even  r a n g e  i s  6 . 9 5  x 1 0  km. 
Using  t h e  c o n s t a n t  MM v e l o c i t y  e s t i m a t i o n  t h e  b r e a k  even  t i m e  
i s  a p p r o x i m a t e l y  +193 h o u r s .  The b r e a k  even  data  r a t e s  a re  i n  
g e n e r a l  d i f f e r e n t  depending  on t h e  p robe  t r a n s m i s s i o n  s y s t e m s .  
However, i n  t h i s  p a r t i c u l a r  c a s e  t h e  r a t e s  f o r  t h e  PO, MSSR, 
and GL are a l l  v e r y  c l o s e  t o  5 x l o 3  b p s .  

4 6 

2 . 2 . 2  Nominal Miss ion  Phase D e s c r i p t i o n  

2 . 2 . 2 . 1  Summary 

I n  t h i s  phase  t h e  PO, MSSR, and GL p r o b e s  a r r i v e  a t  
t h e i r  p r e v i o u s l y  de t e rmined  t a r g e t  l o c a l i t i e s .  A s  soon as l i n e  

*See Appendix ( 2 . 2 . 1  - A )  
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o f  s i g h t  c o n s t r a i n t s  p e r m i t ,  t h e  crew r e m o t e l y  checks  o u t  and 
l o c a t e s  t h e  p r o b e s .  Opera t ions  p r i o r  to RV l i f t o f f  a r e  p r i m a r i l y  
keyed to t h e  a c q u i s i t i o n  o f  v i s u a l  s u r f a c e  da t a  to be  u s e d  f o r  
b o t h  p o s t - e n c o u n t e r  l o n g  term a n a l y s i s  and as a means of  o p t i -  
m i z i n g  t h e  s e l e c t i o n  o f  l o c a l i t i e s  f o r  s u r f a c e  s o i l  s a m p l i n g .  
The RV f l i g h t  r e s u l t s  i n  t h e  d e l i v e r y  o f  two pounds o f  p a y l o a d ,  
c o n s i s t i n g  o f  s o i l  and a e r o s o l  s a m p l e s ,  and c o l o r  pho tography  
e x p o s u r e s ,  to t h e  MM s e v e r a l  m i n u t e s  a f t e r  MN p e r i a p s i s  pas- 
s a g e .  These data  are s u b s e q u e n t l y  complemented by t h e  d i r e c t  
r e a d o u t  t r a n s m i s s i o n  to t h e  MM o f  158  PO pho tographs  o f  abou t  
8 m r e s o l u t i o n ,  e a c h  c o v e r i n g  a 4 0  km x 40  km s u r f a c e  a rea .  
S l i g h t l y  o v e r l a p p i n g  d i r e c t  PO r e a d o u t  o p e r a t i o n s  i s  t h e  t r a n s -  
m i s s i o n  o f  v i s u a l  and non-v i sua l  s u r f a c e  da ta  from t h e  MSSR and 
GL p r o b e s  t o  t h e  MM. T ransmiss ion  o f  s u r f a c e  da t a  from t h e s e  
p r o b e s  c o n t i n u e s  i n  p a r a l l e l  w i t h  b u f f e r e d  PO p h o t o  t r a n s m i s s i o n  
f o r  t h e  r ema inde r  o f  t h e  phase .  T h i s  f i n a l  p o r t i o n  o f  t h e  p h a s e  
a l s o  i n c l u d e s  o p e r a t i o n s  u s i n g  t h e  PO and s u r f a c e  p r o b e s  as da t a  
s t o r a g e  and r e l a y  s t a t i o n s  t o  i n c r e a s e  d a t a  o u t p u t  and p r o v i d e  
a l t e r n a t e  data  f low p a t h s  i f  n e c e s s a r y .  T h i s  o D e r a t i o n a 1  mode 
c o u l d  p r o v i d e  an a d d i t i o n a l  38 PO pho tographs  i f  d e s i r e d ,  t h u s  
e n a b l i n g  a c q u i s i t i o n  o f  a t o t a l  o f  1 9 3 .  

The p r i n c i p a l  e l emen t s  i n v o l v e d  i n  t h i s  phase a r e :  
t h e  PO, MSSR, and GL p r o b e s ;  t h e  MM; t h e  crew; and t h e  e a r t h -  
based c o n t r o l  c e n t e r .  The crew c o n t r o l s  t h e  v a r i o u s  o p e r a -  
t i o n s  i n  c o n s u l t a t i o n  w i t h  e a r t h  when n e c e s s a r y .  E a r l y  i n  t h e  
p h a s e  c o n s u l t a t i o n  i s  l i m i t e d  o r  n o n e x i s t e n t  due to t h e  com- 
m u n i c a t i o n  t i m e  d e l a y ,  t h u s  p l a c i n g  c o n t r o l  r e s p o n s i b i l i t y  on 
t h e  crew complemented by a n  a p p r o p r i a t e  d e g r e e  o f  a u t o m a t i o n .  

Communication between t h e  p r o b e s  and the MM i s  
r e s t r i c t e d  to t r a n s m i s s i o n  o v e r  s i x  d i s c r e t e  bandwid ths  f o r  
e a c h  p r o b e .  The same bandwidths  a r e  used  f o r  b o t h  s u r f a c e  
p r o b e s .  The d i s c r e t e  bandwidth magn i tudes  a r e  dominated  by 
t h e  r e q u i r e d  t r a n s m i s s i o n  o f  v i s u a l  data  w i t h i n  sys t em,  oc- 
c u l t a t i o n ,  and o p e r a t i o n a l  t i m e  c o n s t r a i n t s  w h i l e  n o n - v i s u a l  
da t a  r e q u i r e m e n t s  e x e r t  a r e l a t i v e l y  minor  i n f l u e n c e  on t h e  
i n f o r m a t i o n  r a t e s .  I n  t h e  l a t t e r  p o r t i o n  o f  t h e  p h a s e ,  s imul -  
t a n e o u s  t r a n s m i s s i o n  t o  t h e  MM by t h e  t h r e e  p r o b e s  i s  p e r -  
formed u s i n g  s u f f i c i e n t l y  s e p a r a t e d  c a r r i e r  f r e q u e n c i e s .  
F u r t h e r m o r e ,  i t  i s  assumed t h a t  s u f f i c i e n t  bandwidth i s  a v a i l -  
ab l e  f o r  t h e  e a r t h  to p r o v i d e  e f f e c t i v e  c o n s u l t a t i o n  s e r v i c e  
t o  t h e  crew. 

* In  terms of number o f  p h o t o g r a p h s  t h i s  i s  e q u i v a l e n t  to 
a s i n g l e  Lunar  O r b i t e r  m i s s i o n .  
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The crew f u n c t i o n s  i n  a v a r i e t y  of modes, i n c l u d i n g  
t h e  i n t e r p r e t a t i o n  of f a c s i m i l e  panoramas and r e a l  t i m e  
s u r f a c e  TV o b s e r v a t i o n  i n  s e l e c t i n g  p r o m i s i n g  s u r f a c e  soil 
sampl ing  l o c a l i t i e s .  The  e a r l y  b i o a n a l y s i s  of  a f r e s h  s u r f a c e  
sample b y  a crew member i s  c a r r i e d  o u t  u n d e r  e s s e n t i a l l y  l a b o r a -  
t o r y  c o n d i t i o n s . *  The pr imary  f u n c t i o n s  of t h e  e a r t h  a r e  to 
p r o v i d e  c o n s u l t a t i o n  and a n a l y t i c a l  s e r v i c e s  and backup o r  
a d d i t i o n a l  c o m p u t a t i o n a l  c a p a c i t y .  

2 . 2 . 2 . 2  Subphase D e s c r i p t i o n s  

2 . 2 . 2 . 2 . 1  Probe A r r i v a l s  t h r o u g h  Checkouts  

The f i r s t  p robe  to a r r i v e  i s  t h e  PO which d e b o o s t s  

L i n e  o f  s i g h t  
a p p r o x i m a t e l y  o v e r  t h e  North P o l e  i n t o  a 3 0 0  km c i r c u l a r  p o l a r  
o r b i t  a t  -3 .5  hour s  a s  shown i n  F i g u r e  l.** lo 
from t h e  MM to t h e  PO i s  i n t e r r u p t e d  immedia t e ly  a f t e r  t h e  r e t -  
r o g r a d e  maneuver and t h e  PO r e a p p e a r s  o v e r  t h e  Sou th  P o l e  
a b o u t  55 m i n u t e s  l a t e r  a t  -2 h o u r s  35 minutes.***"'12 A t  t h e  
t i m e  o f  a p p e a r a n c e  o v e r  t h e  S o u t h  P o l e  PO t r a c k i n g  and sys t ems  
checkou t  are  i n i t i a t e d .  The fo rmer  p r o v i d e s  data  f o r  p r e l i m i -  
n a r y  o r b i t  d e t e r m i n a t i o n  and t h e  l a t t e r ,  i n f o r m a t i o n  needed f o r  
p o s s i b l e  r e m e d i a l  a c t i o n  i n  t h e  e v e n t  o f  a p robe  m a l f u n c t i o n .  
A da ta  r a t e  o f  a b o u t  l o 3  bps i s  e s t i m a t e d  as b e i n g  a d e q u a t e  to 
meet t h e  r e q u i r e m e n t s  of  t h i s  o p e r a t i o n .  l3 T r a c k i n g  and check-  
o u t  a r e  c o n t i n u e d  u n t i l  l i n e  o f  s i g h t  i s  a-gain i n t e r r u p t e d  a t  
-1 hour  4 0  m i n u t e s .  Immedia te ly  p r i o r  t o  loss o f  l i n e  o f  s i g h t  
t h e  c rew s e n d s  a command t o  t h e  PO d e s c r i b i n g  t h e  sequence  of  
p h o t o g r a p h s  t o  be  t a k e n  on t h e  n e x t  p a s s a g e  o v e r  t h e  s u n l i t  
f a c e  of t h e  p l a n e t .  T h i s  i s  n e c e s s a r y  because  r e a l  t i m e  con- 
t r o l  o f  t h e  f i r s t  p h o t o g r a p h i c  sequence  would c o n f l i c t  w i t h  
c r e w - s u r f a c e  p robe  o p e r a t i o n s .  

The MSSR probe  t o u c h e s  down a t  a minimum f e a s i b l e  
t i m e  p r i o r  t o  p e r i a p s i s  of -2 h o u r s  24 m i n u t e s ,  which p r e c e d e s  
t e r m i n a t i o n  of PO t r a c k i n g  ( a n d  t h e  p h o t o g r a p h i c  command) by 
44 m i n u t e s .  C o n s i d e r a t i o n  of  t h e  m i s s i o n  p r o f i l e  f o r  t h e  
s u r f a c e  p r o b e s  p r e s e n t e d  i n  F i g u r e  2 shows why t h e  o v e r -  
l a p  w i t h  crew-PO o p e r a t i o n s  does  n o t  g e n e r a t e  an o p e r a t i o n s  

*The d i v i s i o n  between crew and au tomated  f u n c t i o n s  h a s  
n o t  been d e t e r m i n e d .  

**See Appendix ( 2 . 2 . 2 . 2 . 1  - A )  

***See Appendix ( 2 . 2 . 2 . 2 . 1  - B )  
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c o n f l i c t .  The  t r a j e c t o r y  f o r  t h e  s u r f a c e  p r o b e s  r e s u l t s  i n  a 
wors t  c a s e  l a n d i n g  l o c a t i o n  o f  a b o u t  11 d e g r e e s  beyond t h e  
p l a n e t a r y  l i m b ,  t h u s  r e q u i r i n g  a maximum o f  a p p r o x i m a t e l y  4 4  
m i n u t e s  o f  p l a n e t  r o t a t i o n  for t h e  s u r f a c e  p r o b e s  to r o t a t e  

i n t o  l i n e  o f  s i g h t  w i t h  t h e  M M . *  T h e r e f o r e ,  t h e r e  a r e  no 
communicat ions between t h e s e  p r o b e s  and t h e  MM f o r  t h e  f i r s t  
4 4  minu te s  a f t e r  l a n d i n g .  ** 

A s  soon as  communications w i t h  t h e  MM are  e s t a b l i s h e d ,  
t h e  crew i n i t i a t e s  MSSR checkou t ,  which c o n t i n u e s  f o r  a n  e s t i -  
mated 1 5  m i n u t e s  a t  a data r a t e  of  2 x lo3 b p s .  I n i t i a t i o n  of  
t h e  checkou t  o p e r a t i o n  i s  t imed to o c c u r  when t h e  MM-PO l i n e  
of  s i g h t  i s  i n t e r r u p t e d ,  a t  a b o u t  -1 hour  40 m i n u t e s .  S i m i l a r l y ,  
a t  t e r m i n a t i o n  o f  MSSR checkout  t h e  same p r o c e d u r e  i s  i n i t i a t e d  
f o r  t h e  GL and i s  per formed f o r  t h e  same d u r a t i o n  a t  t h e  lower  
data r a t e  o f  1 x l o 3  b p s .  
communicat ions s w i t c h o v e r ,  t he  crew s e n d s  a command to t h e  MSSR, 
i n i t i a t i n g  t h o s e  s u r f a c e  sample a c q u i s i t i o n  o p e r a t i o n s  which do 
n o t  r e q u i r e  a f a c s i m i l e  panorama of  t h e  s u r r o u n d i n g  t e r r a i n .  
T y p i c a l  o p e r a t i o n s  are  d r i l l i n g  to o b t a i n  s u b - s u r f a c e  s o i l  
s amples  and a e r o s o l  sampl ing  o f  t h e  a tmosphe re .  l6 T h i s  i s  
s u g g e s t e d  because  o f  t h e  c l o s e  p r o x i m i t y  t o  t h e  morning t e r m i -  
n a t o r  and t h e  r e s u l t i n g  poor  l i g h t i n g  c o n d i t i o n s  f o r  t h e  a c q u i -  
s i t i o n  o f  v i s u a l  f a c s i m i l e  i n f o r m a t i o n .  Af t e r  t h e  communicat ions 
s w i t c h o v e r ,  d r i l l i n g  and a e r o s o l  s ampl ing  a r e  per formed a u t o -  
m a t i c a l l y  and i n  p a r a l l e l  w i t h  GL c h e c k o u t .  The c rew u s e s  
s u r f a c e  p robe  checkou t  da ta  to v e r i f y  t h e  i n t e g r i t y  o f  p r o b e  
s y s t e m s  and commands a s w i t c h  t o  a n  a l t e r n a t e  mode i f  a mal func-  
t i o n  i s  d e t e c t e d .  

Immedia te ly  p r i o r  to t h e  MSSR-GL 

2 . 2 . 2 . 2 . 2  Pre-RV L i f t o f f  O p e r a t i o n s  

After t h e  s u r f a c e  p robe  c h e c k o u t s  a nominal  t i m e  of  
a b o u t  1 / 2  hour  i s  a l lowed  f o r  t h e  p r o b e s  to r o t a t e  to a sun  
a n g l e  where t h e  l i g h t i n g  c o n d i t i o n s  for o b t a i n i n g  f a c s i m i l e  
panoramas a re  m a r g i n a l l y  a c c e p t a b l e .  I n  t h e  c a s e  of  t h e  MSSR 
t h e  panorama i s  i n i t i a t e d  a t  -55 m i n u t e s  a t  a sun  e l e v a t i o n  
a n g l e  of  abou t  8O w i t h  one minute  b e i n g  a l l o c a t e d  f o r  p i c t u r e  
t r a n s m i s s i o n .  For a 360" x 60° panorama w i t h  6000 x 1 0 0 0  l i n e s  

*Based on e n t r y  a t  2 2 2  k m  a l t i t u d e  w i t h  a f l i g h t  p a t h  a n g l e  
of 1 8 . 1 O ;  VM-8 atmosphere;and f o r  b o t h  l a n d i n g  p r o b e s  - - - . 8 .  

'dA 

**See Appendix ( 2 . 2 . 2 . 2 . 1  - C )  
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and assuming 6 b i t s  pe r  d o t  f o r  t h e  g r a y  s c a l e ,  a da t a  r a t e  o f  
6 x lo5 bps i s  r e q u i r e d  f o r  t h e  one-minute  t r a n s m i s s i o n . %  
Once t h e  MSSR t e r r a i n  panorama i s  aboa rd  t h e  MM, t h e  crew 
a n a l y z e s  t h e s e  v i s u a l  data  w i t h  t h e  o b j e c t i v e  o f  o p t i m i z i n g  
s u r f a c e  s o i l  sample a c q u i s i t i o n .  

A t  a b o u t  -45 m i n u t e s  t h e  PO r e a p p e a r s  o v e r  t h e  S o u t h  
P o l e  and b e g i n s  i t s  p r e v i o u s l y  commanded and s t o r e d  a u t o m a t i c  
p h o t o g r a p h i c  sequence .  MM panoramic and m u l t i - s p e c t r a l  s u r f a c e  
and  c l o u d  photography i s  i n i t i a t e d ,  w i t h  t h e  panoramic photog-  
r aphy  c o n t i n u i n g  u n t i l  t e r m i n a t o r  c r o s s i n g  (-90 s e c )  and m u l t i -  
s p e c t r a l  imaging data b e i n g  a c q u i r e d  t h r o u g h  t45 m i n u t e s .  
Panoramic photography should  p r o v i d e  2.5 x b i t s  o v e r  a 
p e r i o d  o f  abou t  45 minu tes  w h i l e  m u l t i - s p e c t r a l  imaging  s h o u l d  
y i e l d  b i t s  i n  a p p r o x i m a t e l y  90 m i n u t e s  c e n t e r e d  a t  p e r i a p -  
s i s .  S i n c e  t h e s e  p h o t o g r a p h i c  o p e r a t i o n s  o c c u r  d u r i n g  a p e r i o d  
o f  h i g h  probe-MM a c t i v i t y ,  t h e y  a re  f u l l y  a u t o m a t i c ,  r e q l i i r i n g  
o n l y  a c t i v a t i o n .  The o p e r a t i o n  of  MM non-imaging i n s t r u m e n t s  
which p roduce  a n  e s t i m a t e d  lo9 b i t s  o f  data  on t h e  m a r t i a n  
s u r f a c e ,  a tmosphe re ,  and magnet ic  and r a d i a t i o n  f i e l d s  i s  
c a r r i e d  o u t  i n  t h e  -45 minu te  t o  t45 minu te  p e r i o d . * *  

6 

The f a c s i m i l e  t e r r a i n  a n a l y s i s  which i s  conduc ted  b y  
t h e  c rew i n  p a r a l l e l  w i t h  t h e  au tomated  panoramic and m u l t i -  
s p e c t r a l  photography i s  complemented by  t h e  a c q u i s i t i o n  o f  a 
second  t e r r a i n  panorama (same f a c s i m i l e  c h a r a c t e r i s t i c s  and 
l i g h t i n g  c o n d i t i o n s )  from t h e  GL a t  a b o u t  -41 minu tes .***  I n i m e -  
d i a t e l y  subsequen t  t o  a c q u i s i t i o n  o f  t h e  GL t e r r a i n  panorama, two 
180' ( i . e . ,  h o r i z o n  to h o r i z o n )  f a c s i m i l e  s c a n s  s e p a r a t e d  b y  90 
d e g r e e s  i n  a z i m u t h  a re  a l s o  t r a n s m i t t e d  t o  t h e  MM. These 
v i s u a l  data  a re  used  t o  complement t h e  i n f o r m a t i o n  o b t a i n e d  from 
t h e  f l i g h t  of t h e  sounding  r o c k e t .  An a l l o c a t i o n  o f  t e n  m i n u t e s  
f o r  a u t o m a t i c  sound ing  r o c k e t  s e t - u p  and subsequen t  f l i g h t  i s  
made. S i n c e  t h e  sounding  r o c k e t  has l i n e - o f - s i g h t  c o n t a c t  w i t h  
t h e  MM and t h e  s u r f a c e  l o c a t e d  GL, s i m u l t a n e o u s  t r a n s m i s s i o n  v i a  
omni-an tennas  of  i t s  d a t a  t o  b o t h  r e c e i v e r s  p r o v i d e s  redundancy  
o f  da ta  r e c e D t i o n .  A d a t a  t r a n s m i s s i o n  t i m e  o f  a b o u t  two 
m i n u t e s  r e s u l t s  i n  a d a t a  r a t  e r e q u i r e m e n t  o f  2 2 17 x 1 0  b p s .  

*See Appendix (2.2.2.2.2 - A )  

**See Appendix (2.2.2.2.2 - B )  

***See Appendix (2.2.2.2.2 - C )  
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T e r r a i n  panorama a n a l y s i s  by  t h e  crew c o n t i n u e s  i n  
p a r a l l e l  w i t h  t h e  au tomated  sound ing  r o c k e t  o p e r a t i o n s  and p r o -  
v i d e s  t h e  basis  f o r  a d e c i s i o n  as  t o  t h e  deployment  l o c a t i o n s  
o f  t h e  s u r f a c e  s o i l  sampling d e v i c e s . *  Having made t h e  i n s t r u -  
ment deployment  d e c i s i o n s ,  t h e  c rew t r a n s m i t s  commands f i r s t  t o  
t h e  MSSR a t  a b o u t  -21  minu tes  and t h e n  t o  t h e  GL a t  -20 m i n u t e s ,  
t h e  fo rmer  command i n i t i a t i n g  t h e  s u r f a c e  s o i l  sampl ing  o p e r a -  
t i o n s .  I n c l u d e d  i n  t h i s  command (and  t e m p o r a r i l y  i n h i b i t e d )  
a re  l o c a t i o n  a s s i g n m e n t s  o f  g e o p h y s i c a l  i n s t r u m e n t s  to be  dep loyed  
s u b s e q u e n t  t o  RV l i f t o f f .  About 9.5 m i n u t e s  a r e  a l l o c a t e d  f o r  
t h e  g a t h e r i n g  and t r a n s f e r  o f  t h e  s u r f a c e  s o i l  samples  t o  t h e  RV 
p a y l o a d .  S i n c e  i t  i s  d e s i r a b l e  t o  have d i a g n o s t i c  i n f o r m a t i o n  
i n  t h e  e v e n t  o f  a m a l f u n c t i o n  o f  t h e  s u r f a c e  s o i l  s ampl ing  
a p p a r a t u s ,  i t  i s  n e c e s s a r y  t o  o b s e r v e  t h e  sampl ing  o p e r a t i o n s  
i n  r e a l  t i m e  v i a  a TV l i n k . * *  The TV s y s t e m  would a l s o  s e r v e  
a s  a backup t o  t h e  f a c s i m i l e  camera i n  t h e  e v e n t  t h e  m a r t i a n  
s u r f a c e  i s  dynamic i n  n a t u r e . * * *  

Af te r  t h e  s o i l  samples  a r e  t r a n s f e r r e d  t o  t h e  RV pay- 
l o a d  and p r i o r  t o  l i f t o f f ,  a s e r i e s  of  3 5 m m  c o l o r  p h o t o s  o f  t h e  
s u r r o u n d i n g  t e r r a i n  a re  o b t a i n e d  and i n c l u d e d  i n  t h e  pay load  tr, 
be r e t u r n e d  to t h e  MM. A c q u i s i t i o n  o f  t h e s e  c o l o r  p h o t o s  i s  
d e l a y e d  u n t i l  immedia t e ly  b e f o r e  l a u n c h  i n  o r d e r  t o  t a k e  advan-  
t a g e  o f  t h e  s t e a d i l y  i n c r e a s i n g  sun  e l e v a t i o n  a n g l e ,  which i s  
a b o u t  180 a t  t h e  t i m e  of  pho tography .  

2 . 2 . 2 . 2 . 3  RV F l i g h t  

The f l i g h t  p r o f i l e  o f  t h e  RV i s  i l l u s t r a t e d  i n  F i g u r e  

3. '  L i f t o f f  of  t h e  v e h i c l e  o c c u r s  a t  a b o u t  -11.5 m i n u t e s  w i t h  
f i r s t  s t a g e  bu rnou t  e s t i m a t e d  a t  -6 m i n u t e s ,  w h i l e  bu rn  o f  t h e  
second  s t a g e  i s  e s t i m a t e d  t o  t e r m i n a t e  a t  -1 .5  m i n u t e s .  T h i r d  
s t a g e  i g n i t i o n  o c c u r s  a t  - .5  m i n u t e s  a f t e r  a c o a s t  p h a s e  o f  
a b o u t  1 m i n u t e ,  w i t h  r endezvous  o c c u r r i n g  a t  +5 m i n u t e s .  # #  

The l i f t o f f  o p e r a t i o n  i s  obse rved  by t h e  c rew u s i n g  
t h e  TV l i n k .  # # #  
i n  a t r a c k i n g  t h e o d o l i t e  f a s h i o n .  T r a n s m i s s i o n  and r e c e p t i o n  of  

A f t e r  l i f t o f f  t h e  cameras  c o n t i n u e  to f u n c t i o n  

*See Appendix ( 2 . 2 . 2 . 2 . 2  - D )  

**See Appendix ( 2 . 2 . 2 . 2 . 2  - E )  

'See Appendix ( 2 . 2 . 2 . 2 . 3  - A )  

"See Appendix ( 2 . 2 . 2 . 2 . 3  - B )  

***High v e l o c i t y  movement o f  any  k i n d ,  e . g . ,  d u s t  s t o r m s .  

###The cameras  are p r o t e c t e d  from f i r e - i n - t h e - h o l e  t h e r m a l  
e f f e c t s  and  mounted f o r  v i b r a t i o n  i s o l a t i o n  to m i n i m i z e  image 
d i s t o r t i o n .  
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t h e  l i f t o f f  and t r a c k i n g  images by omni-antennas i s  c a r r i e d  o u t  
a t  t h e  p r e v a i l i n g  s h o r t  r a n g e .  S t a r t i n g  a t  l i f t o f f  and i n  p a r a l -  
l e l  w i t h  t h e  TV o p e r a t i o n s  t h e  MM h i g h  g a i n  a n t e n n a  t r a c k s  t h e  
a s c e n d i n g  RV t h r o u g h o u t  i t s  f l i g h t .  T h i s  i s  supplemented  by 
o p t i c a l  t r a c k i n g  when t h e  v e h i c l e  emerges from i t s  s u b - r e s o l u t i o n  
s t a t e  a t  abou t  t h e  t i m e  o f  t h i r d  s t a g e  i g n i t i o n ,  one minu te  a f t e r  
MM t e r m i n a t o r  c r o s s i n g .  Thus, t h e r e  i s  no c o n f l i c t  w i t h  t h e  p r e -  
programmed t e l e s c o p i c  p h o t o g r a p h i c  sequence  d e s c r i b e d  unde r  
2 . 1 . 2 . 2 . 4 .  The RV s h o u l d  be c l e a r l y  v i s i b l e  s i n c e  i t  i s  s u n l i t  
and viewed a g a i n s t  a b l a c k  background,  f a c i l i t a t i n g  t h e  t e r m i n a l  
r endezvous  which i s  concluded  a t  +5 m i n u t e s .  I n  o r d e r  to maxi- 
mize  t h e  chance o f  l i f e  d e t e c t i o n  and c h a r a c t e r i z a t i o n ,  t h e  c rew 
b e g i n s  b i o l o g i c a l ,  geochemica l ,  and g e o p h y s i c a l  a n a l y s e s  o f  t h e  
s o i l  samples  as soon as t h e i r  t r a n s f e r  t o  t h e  MM i s  comple t ed .*  

2 . 2 . 2 . 2 . 4  D i r e c t  PO Pho tograph ic  Readout 

The d u r a t i o n  o f  t h i s  subphase  i s  1 5  h o u r s  and 2 1  
m i n u t e s ,  d u r i n g  which PO p h o t o s  o f  Lunar  O r b i t e r  q u a l i t y  
and 8 m r e s o l u t i o n  e a c h  c o v e r i n g  a n  area o f  40 km x 4 0  km a r e  
d i r e c t l y  read o u t ,  compressed and coded by a f a c t o r  o f  f o u r ,  and 
t r a n s m i t t e d  t o  t h e  MM a t  a f i x e d  r a t e  o f  8 . 3  x l o 5  bps  p e r  r e a d -  
o u t  sys t em.**18y19y20y21  
i n  p a r a l l e l ,  t h u s  i n c r e a s i n g  t h e  d a t a  r a t e  to 2 . 5  x 1 0  6 bps .  
O p e r a t i o n  i n  t h i s  mode c o n t i n u e s  u n t i l  a b o u t  +8 h o u r s  54 m i n u t e s ,  
when i t  i s  no l o n g e r  p o s s i b l e  t o  s u s t a i n  t h e  i n f o r m a t i o n  r a t e  
w i t h o u t  i n c u r r i n g  pho to  q u a l i t y  d e g r a d a t i o n  t h r o u g h  r e d u c t i o n  o f  
s i g n a l - t o - n o i s e  r a t i o .  At t h i s  t i m e  one o f  t h e  sys t ems  i s  
s w i t c h e d  o f f  and p a r a l l e l  o p e r a t i o n  of  two r e a d o u t  s y s t e m s  con-  
t i n u e s  f o r  abou t  two h o u r s  l o n g e r  u n t i l  t h e  s i g n a l - t o - n o i s e  
r a t i o  c o n s t r a i n t  i s  a g a i n  v i o l a t e d  a t  a b o u t  +10 h o u r s  54 m i n u t e s .  
A second sys tem i s  t u r n e d  o f f ,  and i n  t h e  r e m a i n i n g  4 h o u r s  and 
30 m i n u t e s  of  t h e  subphase  a s i n g l e  pho to  r e a d o u t  sys t em i s  i n  
o p e r a t i o n .  

Three pho to  r e a d o u t  sys t ems  a r e  used  

The PO h a s  l i n e - o f - s i g h t  c o n t a c t  w i t h  t h e  MM f o r  one-  
h a l f  o f  t h e  subphase  d u r a t i o n ,  w i t h  a b o u t  t e n  p e r c e n t  of  t h i s  t i m e  
u n a v a i l a b l e  f o r  t r a n s m i s s i o n  f o r  o p e r a t i o n a l  r e a s o n s .  Under t h i s  
t r a n s m i s s i o n  t i m e  c o n s t r a i n t  1 2 0  p h o t o s  a re  o b t a i n e d  d u r i n g  t r i p l e  
r e a d o u t  sys tem o p e r a t i o n ,  1 8  d u r i n g  d o u b l e  o p e r a t i o n ,  and 2 0  f o r  
t h e  s i n g l e  r e a d o u t  sys tem p e r i o d ,  r e s u l t i n g  i n  a t o t a l  o f  158 
p h o t o s  w i t h  t h e  area cove rage  and r e s o l u t i o n  ment ioned  above.*** 

~ ~ ~~ 

*See Appendix ( 2 . 2 . 2 . 2 . 3  - C and D )  

***See Appendix ( 2 . 2 . 2 . 2 . 4  - B and C )  

**See Appendix ( 2 . 2 . 2 . 2 . 4  - A )  
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While t h e  PO i s  a c q u i r i n g  and i n t e r m i t t e n t l y  t r a n s m i t -  
t i n g  p h o t o s  to t h e  M M ,  t h e  two s u r f a c e  p r o b e s  o b t a i n  a d d i t i o n a l  
f a c s i m i l e  panoramas and i n i t i a l  g e o p h y s i c s  d a t a , r e c o r d i n g  them 
i n  i n t e r i m  on-board s t o r a g e  f o r  t r a n s m i s s i o n  t o  t h e  MM when 
l i n e - o f - s i g h t  c o n t a c t  i s  r e e s t a b l i s h e d .  The da ta  s t o r a g e  sys tem 
has been s i z e d  to accommodate a maximum o f  1 2  f a c s i m i l e  pan- 

L i n e - o f - s i g h t  c o n t a c t  w i t h  t h e  MM i s  r e e s t a b l i s h e d  a t  +10 h o u r s  
30  m i n u t e s  and +10 hours  4 8  m i n u t e s  f o r  t h e  MSSR and GL, r e s p e c -  
t i v e l y .  At t10 h o u r s  30 minu tes  t h e  r a n g e  i s  s u f f i c i e n t l y  g r e a t  
t h a t  t h e  MM h i g h  g a i n  an tenna  beam w i d t h  i n c l u d e s  t h e  e n t i r e  
p l a n e t  and  c a n  t h e r e f o r e  " l i s t e n "  t o  t h e  PO, MSSR, and GL p r o b e s  
s i m u l t a n e o u s l y ,  t r a n s m i t t i n g  on a p p r o p r i a t e l y  separated c a r r i e r  
f r e q u e n c i e s  ( i . e . ,  1.5 Mc). 

oramas r e s u l t i n g  i n  a s t o r a g e  r e q u i r e m e n t  o f  4 . 3  x 1 0  8 b i t s .  1 

S t a r t i n g  from t h e  t i m e  t h e  l i n e  o f  s i g h t  i s  a b o u t  f i v e  
d e g r e e s  above t h e  h o r i z o n ,  5 . 5  h o u r s  i s  a l l o c a t e d  f o r  t r a n s m i s -  
s i o n  of t h e  data  s t o r e d  i n  e a c h  s u r f a c e  p r o b e ,  r e s u l t i n g  i n  a 
data r a t e  o f  a b o u t  2 . 2  x lo4 bps t o  t h e  M M .  
data are  v i s u a l l y  d i s p l a y e d  t o  t h e  crew as t h e y  a re  r e c e i v e d .  Based 
on these  data t h e  crew d e t e r m i n e s  a n  a p p r o p r i a t e  l o n g  d u r a t i o n  
sampl ing  r a t e  f o r  e a c h  g e o p h y s i c a l  i n s t r u m e n t .  The es t imated 
t o t a l  r a t e  f o r  t h e  s u r f a c e  p r o b e  g e o p h y s i c s  package  which con- 
s i s t s  o f  s e v e r a l  i n s t r u m e n t s  i s  300  bps .  Immedia t e ly  a f t e r  t h e  
i n i t i a l  s u r f a c e  p r o b e  t r a n s m i s s i o n  p e r i o d  t h e  c rew commands t h e  
g e o p h y s i c s  i n s t r u m e n t s  to commence sampl ing  a t  t h e i r  l o n g  d u r a -  
t i o n  r a t e s .  The g e o p h y s i c s  e x p e r i m e n t s  a re  assumed t o  b r o a d c a s t  
a t  a t o t a l  r a t e  o f  3 0 0  bps  f o r  t h e  r e m a i n d e r  o f  t h e  p h a s e .  
Dur ing  l i n e - o f - s i g h t  a v a i l a b i l i t y  t h e y  t r a n s m i t  d i r e c t l y  to t h e  
MM, and w h i l e  o c c u l t e d ,  data a re  r e c o r d e d  i n  on-board s t o r a g e .  
F u r t h e r m o r e ,  enough t i m e  a f t e r  r endezvous  w i l l  have e lapsed to 
make p r e l i m i n a r y  s o i l  sample a n a l y s i s  r e s u l t s  a v a i l a b l e  f o r  u s e  
i n  mean ingfu l  c rew p l a n n i n g  o f  s u r f a c e  g e o p h y s i c s  e x p e r i m e n t s .  

The i n i t i a l  g e o p h y s i c s  

The 5.5-hour p e r i o d  s p e c i f i e d  f o r  d e p l e t i o n  of  s u r f a c e  
p r o b e  s t o r a g e s  e x t e n d s  i n t o  t h e  n e x t  subphase .  

2 . 2 . 2 . 2 . 5  P r e - B r e a k  Even P o i n t  O p e r a t i o n s  

T h i s  f i n a l  subphase s t a r t s  a t  +15 h o u r s  2 1  m i n u t e s  and 
t e r m i n a t e s  a t  approx ima te ly  +8 d a y s .  It i s  n o m i n a l l y  c h a r a c t e r -  
i z e d  by b u f f e r e d  PO p h o t o  t r a n s m i s s i o n  i n  p a r a l l e l  w i t h  t r a n s -  
m i s s i o n  of  v i s u a l  and n o n - v i s u a l  s u r f a c e  da ta  f rom t h e  s u r f a c e  
p r o b e s .  D i r e c t  t r a n s m i s s i o n  from t h e  t h r e e  p r o b e s  t o  t h e  MM i s  
i n t e r m i t t e n t  due  to t h e  p e r i o d i c  i n t e r r u p t i o n  o f  l i n e  of  s i g h t .  
However, t he re  a re  s e v e r a l  nominal  and c o n t i n g e n c y  o p e r a t i o n a l  
modes u s i n g  t h e  PO and s u r f a c e  p r o b e s  as  data  s t o r a g e  and r e l a y  
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s t a t i o n s .  Implemen ta t ion  of t h e s e  schemes p a r t i a l l y  overcomes 
o c c u l t a t i o n  c o n s t r a i n t s  and p r o v i d e s  an a l t e r n a t e  p a t h  f o r  s u r -  
f a c e  da ta  t o  be t r a n s m i t t e d  t o  t h e  MM i n  t h e  e v e n t  o f  a s u r f a c e  
p robe  communicat ion subsystem m a l f u n c t i o n .  

u sed  to s t o r e  1.4 compressed and coded ( f a c t o r  o f  4) p h o t o s  i n  
p r e p a r a t i o n  f o r  t r a n s m i s s i o n  t o  t h e  MM.* The b u f f e r i n g  mode 
p e r m i t s  t r a n s m i s s i o n  o f  photos  to t h e  MM a t  lower  i n f o r m a t i o n  
r a t e s  t h a n  t h o s e  g e n e r a t e d  by t h e  f i x e d  r a t e  d i r e c t  r e a d o u t  
s y s t e m s ,  t h u s  a l l o w i n g  Lunar O r b i t e r  pho to  q u a l i t y  t o  be  main- 
t a i n e d .  The f i r s t  o f  t h e  reduced  da t a  r a t e s  i s  d e t e r m i n e d  
by assuming PO s t o r a g e  t o  be empt i ed  o v e r  a p e r i o d  o f  45 
m i n u t e s  r e s u l t i n g  i n  a t r a n s m i s s i o n  r a t e  o f  1.85 x l o 5  b p s  u n t i l  
+3O h o u r s  6 m i n u t e s ,  beyond which t i m e  c o n t i n u e d  t r a n s m i s s i o n  a t  
t h i s  r a t e  would r e s u l t  i n  s i g n a l - t o - n o i s e  r a t i o  d e g r a d a t i o n .  The  

r a t e  i s  t h e n  r educed  t o  1 0  b p s  f o r  a b o u t  1 0 0  h o u r s  u n t i l  t h e  
s i g n a l - t o - n o i s e  r a t i o  c o n s t r a i n t  i s  a g a i n  v i o l a t e d .  S i n c e  t h e  
number o f  c i i s c r e t e  t r a n s m i s s i o n  bandwidths  i s  l i m i t e d ,  t h e  
da ta  r a t e  must be  p r e m a t u r e l y  r e d u c e d  to t h e  b r e a k  even  r a t e  o f  

The PO da ta  s t o r a g e  c a p a c i t y  of  4 . 3  x lo8 b i t s  i s  

4 

5 x 10 3 bps  f o r  t h e  remainder  of  t h e  subphase ,  a b o u t  6 3  h o u r s .  

L i n e - o f - s i g h t  c o n t a c t  w i t h  t h e  MM i s  a v a i l a b l e  f o r  one- 
h a l f  o f  t h e  subphase  b u t  for o p e r a t i o n a l  r e a s o n s  18 p e r c e n t  of  
t h a t  t i m e  canno t  b e  u sed  f o r  communications,resulting i n  a t o t a l  
t r a n s m i s s i o n  t i m e  o f  a b o u t  73 h o u r s .  T r a n s m i s s i o n  a t  t h e  f i r s t  
r a t e  p r o v i d e s  13 p h o t o s ,  a t  t h e  i n t e r m e d i a t e  r a t e ,  f i v e ,  and a t  t h e  
f i n a l  r a t e ,  one ,  f o r  a t o t a l  o f  19 o b t a i n e d  t h r o u g h  b u f f e r e d  
t r a n s m i s s i o n .  The combined p h o t o g r a p h i c  o u t p u t  of  b o t h  t h e  
d i r e c t  and b u f f e r e d  t r a n s m i s s i o n  modes i s ,  t h e r e f o r e ,  177 images 
o f  Lunar O r b i t e r  q u a l i t y  w i t h  t h e  p r e v i o u s l y  mentioned area 
c o v e r a g e  and r e s o l u t i o n .  A d d i t i o n a l l y ,  d u r i n g  t h e  b u f f e r e d  mode 

i n f o r m a t i o n  from t h e  PO o r b i t a l  g e o p h y s i c s  package i s  t r a n s m i t t e d  
t o  t h e  MM. 

o f  data  communicat ion a t o t a l  o f  2 . 3 4  x 1 0  a b i t s  o f  n o n - v i s u a l  

While t h e  PO i s  t r a n m s i t t i n g  p h o t o s  t o  t h e  MM f rom 
i n t e r i m  on-board s t o r a g e ,  PO-surface p robe  o p e r a t i o n s  a r e  
a l s o  pe r fo rmed .  T h i s  i s  p o s s i b l e  due to t h e  es t imated minimum 
a v a i l a b i l i t y  of 20  m i n u t e s  pe r  day  o f  l i n e - o f - s i g h t  c o n t a c t  be- 
tween  e a c h  s u r f a c e  p robe  and t h e  PO as i l l u s t r a t e d  i n  F i g u r e  4 .  
I n  t h i s  mode t h e  PO and s u r f a c e  p r o b e s  a c t  as  data  s t o r a g e  and 
r e l a y  s t a t i o n s  p r o v i d i n g  a d d i t i o n a l  da t a  t r a n s m i s s i o n  p a t h s  
t o  t h e  MM. The 5.5-hour d u r a t i o n  s p e c i f i e d  f o r  d e p l e t i o n  o f  s u r -  
f a c e  p r o b e  s t o r a g e  i s  based on t h e  need  f o r  t h a t  s t o r a g e  to be  
a v a i l a b l e  f o r  r e c e p t i o n  o f  PO p h o t o g r a p h i c  data  when l i n e - o f -  
s i g h t  c o n t a c t  between t h e  p robes  i s  e s t a b l i s h e d .  Nominal ly ,  t h e  

~ ~~ 

*PO s t o r a g e  c a p a c i t y  i s  matched to t h o s e  of  t h e  MSSR and 
GL. S t o r a g e  s i z e  i s  a c o n s e r v a t i v e  es t imate  o f  1975 erasable  
magne t i c  t ape  c a p a b i l i t y .  
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PO uses the first ten-minute line-of-sight period to fill 
surface probe storage with 1.4 compressed ana coded PO photos 
by transmission through an omni-antenna. The recorded photos 
are relayed to the MM in the 5.5-hour period between termi- 
nation of surface probe-PO and surface probe-MN lines of sight. 
This mode can be used in reverse as a contingency plan in the 
event of certain surface probe communication system failures.* 
The line-of-sight period can be used to unload surface probe 
storage via transmission over an omni-antenna at 6 x lo5 bps 
into interim PO storage followed by relay to the MM at the 
expense of 1.4 PO photos per surface probe storage relay. 

After the surface probes rotate out of line-of-sight 
contact with the MM, data acquired from all sources are 
recorded in on-board storage for subsequent transmisslon to 
the MM. During this period of occultation and corresponding 
sunlight the geophysics experiments sampling at the specified 
rate require only three percent of the surface probe storage 
capacity. About six hours subsequent to MM line-of-sight 
termination another ten-minute period of communication with 
the PO allows the acquisition of additional PO photos via s u r -  
face probe relay. However, since there are six hours of sun- 
light prior and subsequent to the second daily PO-surface probe 
line-of-sight period, the composition of surface probe storage 
at reestablishment of the uplink is uncertain and will depend 
on real time planning by the crew. At uplink acquisition of 
the MM, the geophysics experiments are automatically switched 
to the direct transmission mode and storage depletion at 
2.2 x 10 bps is automatically initiated. 4 

The portion of the subphase at this data rate con- 
tinues until the signal-to-noise ratio constraint is violated 
at about +84 hours, at which time the rate of depletion of 
surface probe storage will be reduced by a factor of two. This 
provides for storage depletion over the full 11-hour period of 
line-of-sight contact at a data rate of 1.1 x 10 bps, with 
signal-to-noise degradation at about +120 hours. 

4 

During the first of the specified periods 1.4 PO 
photos per surface probe are relayed to the MM for each dark 
side ten-minute period of line-of-sight contact between the 
PO and surface probes. Since the composition of surface 
probe storage resulting from sunlight operations is uncertain, 
only one PO photo is transmitted into each of the surface 
probe storages during the other daily line-of-sight period. 

*For example, a high gain antenna gimbal mechanism failure. 
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These o p e r a t i o n s  r e s u l t  i n  t h e  r e l a y i n g  t o  t h e  MM v i a  t h e  MSSR 
and GL o f  1 2  a d d i t i o n a l  PO pho tos  supplemented  by t h e  a c q u i s i -  

t i o n  o f  9 x 1 0  b i t s  of v i s u a l  and n o n - v i s u a l  s u r f a c e  d a t a .  8 

Dur ing  t h e  second p e r i o d  d a r k  s i d e  t r a n s m i s s i o n  o f  
PO p h o t o s  t o  s u r f a c e  p robe  s t o r a g e  i s  suspended  s i n c e ,  due  t o  
t h e  s p e c i f i e d  da t a  r a t e ,  t h e  e n t i r e  MM l i n e - o f - s i g h t  p e r i o d  i s  
needed t o  empty s t o r a g e .  However, one p h o t o  p e r  s u r f a c e  p robe  
i s  r e c o r d e d  i n  on-board s t o r a g e  f o r  subsequen t  r e l a y  d u r i n g  
t h e  ten-minute  l i n e - o f - s i g h t  p e r i o d  on t h e  s u n l i t  s i d e  of  t h e  
p l a n e t .  The  da ta  o u t p u t  f o r  t h i s  p e r i o d  i s  f o u r  a d d i t i o n a l  PO 

p h o t o s  and a b o u t  4 . 2 5  x 1 0  b i t s  o f  v i s u a l  and n o n - v i s u a l  s u r -  
f a c e  d a t a .  

8 

The da ta  r a t e  i s  s u b s e q u e n t l y  s t e p p e d  down t o  8 x 1 0  3 
b p s  and c o n t i n u e s  i n t e r m i t t e n t l y  f o r  a d u r a t i o n  o f  2 1  h o u r s  
when a t  + 1 4 1  hour s  t h e  s i g n a l - t o - n o i s e  r a t i o  c o n s t r a i n t  i s  v i o -  
l a t e d ,  f o r c i n g  a p rema tu re  r e d u c t i o n  t o  t h e  b r e a k  even  v a l u e  o f  

5 x l o 3  b p s .  
maximum number o f  s i x  d i s c r e t e  t r a n s m i s s i o n  bandwid ths .  The 

p e r i o d i c  t r a n s m i s s i o n  a t  8 x l o 3  bps  o v e r  t h e  i n d i c a t e d  d u r a t i o n  
8 r e s u l t s  i n  a t o t a l  of  5 . 8  x 10 b i t s  o f  i n f o r m a t i o n .  I n t e r m i t -  

t e n t  t r a n s m i s s i o n  a t  t h e  b reak  even  r a t e  u n t i l  +193 h o u r s  r e s u l t s  
i n  a b o u t  8 . 3  x l o 8  b i t s  o f  da t a .  
a c q u i r e d  d u r i n g  t h e s e  l a s t  two t r a n s m i s s i o n  p e r i o d s  c a n  c o n s i s t  
of a number of t y p e s  o f  d a t a .  Fo r  example,  i t  c o u l d  be  compr ised  
o f  f o u r  a d d i t i o n a . 1  PO pho tos  supplemented  by 2 . 1  x l o 8  b i t s  o f  
v i s u a l  and  n o n - v i s u a l  s u r f a c e  da t a .  
o f  t h i s  f i n a l  b l o c k  o f  Mars e n c o u n t e r  da ta  i s  d e t e r m i n e d  by t h e  
c rew.*  

A s  b e f o r e ,  t h i s  i s  due  t o  t h e  s p e c i f i c a t i o n  o f  a 

The t o t a l  o f  1 4 . 1  x l o 8  b i t s  

The a c t u a l  c o n f J g u r a t i o n  

A t  a r r i v a l  a t  t h e  b r e a k  even  p o i n t  t h e  crew commands 
t h e  p r o b e s  t o  a c q u i r e  t h e  e a r t h  for l o n g  d u r a t i o n  data t r a n s -  
m i s s i o n  f o r  t h e  r ema inde r  of t h e i r  l i f e t i m e s .  The crew s u b s e -  
q u e n t l y  d e v e l o p s  a p r i o r i t y  l i s t i n g  o f  da t a  t o  b e  t r a n s m i t t e d  
t o  e a r t h  from t h e  MM. 

, 7ff / 

1 0 1  4 -EMG- j dc  E .  M .  Grenning  

Attachment  
F i g u r e s  1 - 4 

*See Appendix ( 2 . 2 . 2 . 2 . 5  - A )  
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APPENDIX 

T h i s  append ix  i d e n t i f i e s  a reas  n e e d i n g  f u r t h e r  s t u d y  
to b e t t e r  d e f i n e  o p e r a t i o n s  d u r i n g  t h e  e n c o u n t e r  p o r t i o n  o f  t h e  
f l y b y  m i s s i o n .  Also i n c l u d e d  i s  a p p r o p r i a t e  background informa-  
t i o n  i n  s u p p o r t  o f  t h i s  i n t e r i m  m i s s i o n  sequence  p l a n .  I t e m s  i n  
b o t h  of  t h e s e  c a t e g o r i e s  a r e  b r i e f l y  d i s c u s s e d  below and r e f e r -  
enced  t o  t h e  p e r t i n e n t  s e c t i o n s  of t h e  t e x t .  

2 . 0  Miss ion  Sequence 

A .  A d i s c r e t e  number o f  bandwidths  i s  p r e s c r i b e d  because  
t o t a l l y  a d a p t i v e  communications sys t ems  a re  c o n s i d e r e d  beyond 
t h e  1975 s t a t e - o f - t h e - a r t .  A t o t a l l y  a d a p t i v e  communicat ions 
s y s t e m  a u t o m a t i c a l l y  a d j u s t s  t r a n s m i s s i o n  bandwidth as  a f u n c t i o n  
o f  chang ing  r a n g e  t o  t h e  r e c e i v e r .  

2 . 1 . 2 . 2 . 1  P r e - S e p a r a t i o n  O p e r a t i o n s  

A. The G.E.  B i o - I s o l a t o r  S u i t  System (BISS) u s e d  i n  con- 
j u n c t i o n  w i t h  a w a l l  p a s s  t h r o u g h  oven f o r  s p a r e  p a r t s  s t e r i l i -  
z a t i o n  h a s  t h e  c a p a b i l i t y  f o r  s t e r i l e  p robe  r e p a i r  and shou ld  
b e  o p e r a t i o n a l  by 1 9 7 0 .  However, a n  i n f l i g h t  r e s t e r i l i z a t i o n  
c a p a b i l i t y  may b e  needed a s  a backup i n  t h e  e v e n t  o f  a BISS o r  
p a s s  t h r o u g h  oven m a l f u n c t i o n .  

B .  The s e l e c t i o n  of p robe  r e p a i r  t imes  i s  somewhat 
a r b i t r a r y ,  b u t  i s  i n t e n d e d  t o  r e p r e s e n t  t h e  r e l a t i v e  c o m p l e x i t y  
o f  t h e  d i f f e r e n t  p robe  t y p e s .  Also, t h e  d u r a t i o n s  chosen  a r e  
c o n s i d e r e d  to be  l o n g  enough f o r  r e a s o n a b l e  v o i c e  communica.tion 
w i t h  e a r t h  if probe  r e p a i r s  r e q u i r e  c o n s u l t a t i o n  w i t h  sys t ems  
e x p e r t s .  T h i s  area n e e d s  f u r t h e r  i n q u i r y  t o  answer  t h e  b a s i c  
q u e s t i o n :  how c l o s e  i n  t i m e  p r i o r  t o  s c h e d u l e d  p r o b e  s e p a r a t i o n  
c s n  a p robe  sys t em anomaly be d e t e c t e d  and  s u c c e s s f u l l y  r e p a i r e d  
by t h e  crew? 

C .  Delayed p r o b e  i n j e c t i o n s  c o u l d  r e s u l t  f rom l o n g e r  t h a n  
a n t i c i p a t e d  p r o b e  r e p a i r  t imes.  T h e r e f o r e ,  t h e  i n f l u e n c e  of  
d e l a y e d  p robe  i n j e c t i o n s  on t a r g e t i n g  c a p a b i l i t y  w i t h i n  p r o b e  
p r o p u l s i o n  sys tem c o n s t r a i n t s  shou ld  be i n v e s t i g a t e d .  

D .  I n  t h i s  c o n n e c t i o n ,  t h e  development  o f  a p r a c t i c a l  
" r ange  s a f e t y "  p r o c e d u r e  a p p e a r s  n e c e s s a r y .  
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A-2 

2 . 1 . 2 . 2 . 2  I n j e c t i o n s  

A .  The f i n a l  s p e c i f i c a t i o n  o f  i n j e c t i o n  t i m e s  and t h e  r e -  
s u l t i n g  l a u n c h  sequence  for t h e  p r o b e s  i n v o l v e s  numerous s y s t e m s  
and m i s s i o n  c o n s i d e r a t i o n s  each e x e r t i n g  i t s  p e c u l i a r  i n f l u e n c e .  
Among t h e  more i n f l u e n t i a l  of  t h e s e  c o n s i d e r a t i o n s  i s  t h e  t o t a l  
v e l o c i t y  change r e q u i r e d  f o r  p r o b e  i n j e c t i o n  and subsequen t  m i d -  
c o u r s e  c o r r e c t i o n  maneuvers .  I n  t h i s  c o n n e c t i o n ,  i t  a p p e a r s  
p o s s i b l e  to d e f i n e  a p robe  i n j e c t i o n  t i m e  which w i l l  i n c u r  a 
minimum v e l o c i t y  change e x p e n d i t u r e  f o r  a g i v e n  e a r l y  t i m e  of 
a r r i v a l .  

For a f i x e d  p robe  a r r i v a l  t i m e  t h e  i n j e c t i o n  v e l o c i t y  
change  r e q u i r e d  d e c r e a s e s  w i t h  i n c r e a s i n g  r a n g e  a t  p robe  i n j e c -  
t i o n .  C o n v e r s e l y ,  f o r  i n c r e a s i n g  i n j e c t j - o n  r a n g e  t h e  a c c u r a c y  
o f  on-board n a v i g a t i o n  of  t h e  MM w i t h  r e s p e c t  to t h e  p l a n e t  de-  
c r e a s e s ,  t h u s  i n c u r r i n g  an i n c r e a s e d  t o t a l  midcour se  c o r r e c t i o n  
v e l o c i t y  change .*  These two compe t ing  i n f l u e n c e s  may r e s u l t  i n  
a n  optimum l a u n c h  t i m e  f o r  each  p r o b e  c o r r e s p o n d i n g  to t h e  
minimum combined i n j e c t i o n  and midcour se  v e l o c i t y  change r e q u i r e -  
ment .  Such optimum l a u n c h  t imes have n o t  as  y e t  been d e t e r m i n e d .  

I f  t h e  t imes of a r r i v a l  o f  t h e  p r o b e s  were f i x e d ,  
s p e c i f i c a t i o n  of  optimum launch  t imes  would u n i q u e l y  d e t e r m i n e  
t h e  sequence  o f  p r o b e  i n j e c t i o n s  as  w e l l  as  t h e  v e l o c i t y  change  
c r i t e r i a  f o r  d e s i g n  of  t h e  i n j e c t i o n  and midcour se  p r o p i i l s i o n  
s y s t e m s .  However, t h e  t imes o f  a r r i v a l  of  t h e  GL and MSSR p r o b e s  
a r e  n o t  f i x e d ,  b u t  c o u l d  va ry  f rom - 2 . 5  h o u r s  to -14.5 h o u r s ,  
depend ing  on t h e  d e s i r e d  l a n d i n g  s i t e  l o c a t i o n ,  which i s  a 
f u n c t i o n  o f  i n f l i g h t  probe  t a r g e t i n g .  

The i n d i c a t e d  range  i n  s u r f a c e  p robe  e a r l y  a r r i v a l  
t i m e  i s  based on t h e  c u r r e n t  p r o b e  e n t r y  t r a j e c t o r y  c o n f i g u r a -  
t i o n  and r e q u i r e m e n t s  f o r  a c c e s s  t o  a l a n d i n g  s i t e  w i t h i n  a b o u t  
1 8 0 °  of  MM p e r i a p s i s  l o n g i t u d e ,  l i n e  o f  s i g h t  to t h e  MM f o r  
communica t ions ,  and s u n l i g h t  f o r  t h e  pe r fo rmance  of  s u r f a c e  
o p e r a t i o n s .  The i n j e c t i o n  and m i d c o u r s e  p r o p u l s i o n  s y s t e m s  o f  
t h e  s u r f a c e  p r o b e s  must b e  des igned  f o r  t h e  e a r l i e s t  t i m e  o f  
a r r i v a l ,  i . e . ,  t h e  maximum r e q u i r e d  v e l o c i t y  change .  

S i n c e  t h e  r a n g e  i n  s u r f a c e  p r o b e  a r r i v a l  t imes  
" b r a c k e t s "  t h e  f i x e d  PO t ime  o f  a r r i v a l  o f  -3 h o u r s  30 m i n u t e s ,  
t h e  i n j e c t i o n  times of  t h e  MSSR and GL r e l a t i v e  t o  t h a t  o f  t h e  
PO c a n n o t  be  based  o n l y  on v e l o c i t y  chacge  c o n s i d e r a t i o n s ,  t h u s  

*It i s  assumed t h a t  a n  on-board g u i d a n c e  and n a v i g a t i o n  
t e c h n i q u e  i s  u s e d .  
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g e n e r a t i n g  a need f o r  o t h e r  i n j e c t i o n  sequence  c r i t e r i a .  The  
t e n t a t i v e l y  adop ted  c r i t e r i o n  i s  to i n j e c t  t h e  s u r f a c e  p r o b e s  
a f t e r  t h e  PO i n  o r d e r  to o b t a i n  h i g h e r  r e s o l u t i o n  t e l e s c o p e  
p h o t o s  f o r  t a r g e t i n g  t h a n  could  be  o b t a i n e d  p r i o r  to PO i n j e c -  
t i o n .  However, t h i s  c r i t e r i o n  s h o u l d  n o t  be c o n s i d e r e d  
u n e q u i v o c a l  s i n c e  f u r t h e r  i n v e s t i g a t i o n  c o u l d  uncover  
a d d i t i o n a l  c r i t e r i a  which may r e v e r s e  t h e  sequence .  

2 . 1 . 2 . 2 . 3  Mars Approach 

A .  I n c r e a s i n g l y  h i g h e r  r e s o l u t i o n  p h o t o s  c o u l d  p r o v i d e  
t h e  bas i s  f o r  a d e c i s i o n  to change  one o r  more p robe  m i s s i o n s .  
F u r t h e r  i n q u i r y  i s  needed t o  e s t a b l i s h  t h e  e n v e l o p e s  of  p o s s i -  
b l e  a l t e r n a t e  m i s s i o n s  w i t h i n  p robe  p r o p u l s i o n  sys t em con- 
s t r a i n t s  as  a f u n c t i o n  of  t i m e  from p e r i a p s i s .  

B .  Assuming an on-board n a v i g a t i o n  s y s t e m ,  t h e  a c c u r a c y  
i n  knowledge o f  p o s i t i o n  and  v e l o c i t y  o f  t h e  MM ( a n d  t h e r e f o r e  
t h e  p r o b e s )  w i t h  r e s p e c t  to Mars s h o u l d  c o n t i n u a l l y  improve due  
to t h e  s t e a d i l y  d e c r e a s i n g  r a n g e ,  t h u s  a l l o w i n g  i n c r e a s i n g l y  
a c c u r a t e  p robe  midcour se  c o r r e c t i o n s  to b e  pe r fo rmed .  I n  t h i s  
c o n t e x t  f u r t h e r  i n v e s t i g a t i o n  i s  needed  t o  e s t a b l i s h  t h e  m i d -  
c o u r s e  c o r r e c t i o n  s t r a t e g y .  

C .  The t r a d e o f f s  a s s o c i a t e d  w i t h  t r a n s m i t t i n g  t r a c k i n g  
da t a  to e a r t h  f o r  computa t ion  o f  midcour se  c o r r e c t i o n s  as a 
backup mode and as  a p o s s i b l e  means o f  c o n s e r v i n g  on-board 
computer  c o r e  s t o r a g e  should  b e  i n v e s t i g a t e d .  

2.1.2.2.4 Mars A r r i v a l  

A .  The re  are  two p o t e n t i a l  u s e s  of  p r e - a r r i v a l  atmo- 
s p h e r i c  i n f o r m a t i o n :  (1) improvement o f  s u r f a c e  p r o b e  C E P ' s  
t h r o u g h  r e d u c t i o n  of  m a r t i a n  a t m o s p h e r i c  u n c e r t a i n t i e s ,  and 
( 2 )  change i n  PO nominal  o r b i t a l  a l t i t u d e  based  on c a l c u l a t e d  
aerodynamic d r a g  and i t s  e f f e c t  on PO l i f e t i m e .  F u r t h e r  i n v e s -  
t i g a t i o n  t o  i d e n t i f y  a d d i t i o n a l  u s e s  o f  p r e - a r r i v a l  a t m o s p h e r i c  
data  i s  needed .  

B .  E a r l y  i n  t h e  pre-programmed t e l e s c o p i c  sequence  i t  
would n o t  be  d i f f i c u l t  f o r  t h e  crew to e x e r c i s e  a n  o v e r r i d e  
o p t i o n  i n  o r d e r  t o  t ake  advan tage  o f  " t a r g e t s  of  o p p o r t u n i t y " .  
However, as  p e r i a p s i s  i s  approached ,  t h e  t i m e  d u r a t i o n  for 
which t h e  o v e r r i d e  o p t i o n  r ema ins  f e a s i b l e  i s  c u r r e n t l y  un- 
known due  to a l a c k  of  d e f i n i t i o n  o f  c rew r e s p o n s e  t i m e  c h a r -  
a c t e r i s t i c s .  The u n c e r t a i n t i e s  i n  t h i s  area i n d i c a t e  a need  
f o r  f u r t h e r  i n q u i r y .  
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2.2.1 Phase D e f i n i t i o n  

A .  By m a n i p u l a t i n g  t h e  t r a n s m i s s i o n  e q u a t i o n  i t  c a n  be  
shown t h a t  t h e  b r e a k  even range  i s  independen t  of  t h e  t r a n s m i s -  
s i o n  sys tem and i s  g i v e n  b y  t h e  f o l l o w i n g  s i m p l e  r e l a t i o n s h i p :  

R1 = R2 

where R = r a n g e  between t r a n s m i t t e r  and r e c e i v e r  

DR = r e c e i v e r  a n t e n n a  diameter  

T = r e c e i v e r  n o i s e  t e m p e r a t u r e  

s u b s c r i p t s  

1 = t r a n s m i s s i o n  t o  MM 

2 = t r a n s m i s s i o n  t o  e a r t h  

The p r e c e d i n g  r e l a t i o n s h i p  is c o n t i n g e n t  on t h e  
f o l l o w i n g  s e t  of  a s sumpt ions :  

1. The same t r a n s m i s s i o n  sys t em i s  used  f o r  t r a n s m i s s i o n  
to t h e  MM and e a r t h .  

2. T r a n s m i s s i o n  to t h e  MM and ea r th  i s  a t  t he  same s i g n a l -  
t o - n o i s e  r a t i o .  

3. The i n f o r m a t i o n  r a t e  t o  t h e  MM a t  t h e  b r e a k  even  r a n g e  
i s  t h e  same as t h a t  t o  ea r th .  

2 . 2 . 2 . 2 . 1  Probe A r r i v a l s  t h rough  Checkouts  

A .  I t  i s  assumed t h a t  t h e  b i o l o g i c a l  c o n d i t i o n  of  t h e  PO 
s a t i s f i e s  t h e  NASA s t e r i l i z a t i o n  c r i t e r i a ,  t h u s  a l l o w i n g  a low 
a l t i t u d e  o r b i t  w i t h o u t  endange r ing  p l a n e t a r y  q u a r a n t i n e .  
300  km c i r c u l a r  p o l a r  o r b i t  was chosen  i n  o r d e r  t o  o b t a i n  h i g h  
r e s o l u t i o n  images ( 8  m )  o f  t h e  m a r t i a n  p o l a r  r e g i o n s .  It  i s  
a n t i c i p a t e d  t h a t  t h e  PO w i l l  o b t a i n  a p h o t o g r a p h i c  sampl ing  o f  
t h e  m a r t i a n  s u r f a c e  d u r i n g  t h i s  p h a s e  f o l l o w e d  by l o n g  d u r a t i o n  
o b s e r v a t i o n  of s e a s o n a l  s u r f a c e  changes  u s i n g  a n  on-board v i d i -  
con  sys t em.  S e a s o n a l  o b s e r v a t i o n  would a l s o  i n c l u d e  r emote  
n o n - v i s u a l  s e n s i n g  of t h e  a tmosphere  and s u r f a c e  w h i l e  l o n g  
d u r a t i o n  t r a c k i n g  of t h e  probe  from e a r t h  would p r o v i d e  g e o d e t i c  
i n f o r m a t i o n .  

The 
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PO photography o v e r  t h e  e q u a t o r i a l  r e g i o n  of  t h e  p l a n e t  
d u r i n g  t h e  e n c o u n t e r  p o r t i o n  o f  t h e  m i s s i o n  w i l l  r e s u l t  i n  poor  
p h o t o g r a p h i c  c o n t r a s t  due to t h e  o r b i t a l  ground t r a c k  p a s s i n g  
a p p r o x i m a t e l y  o v e r  t h e  s u b s o l a r  p o i n t .  However, a b o u t  o n e - e i g h t h  
of  a m a r t i a n  y e a r  l a t e r  l i g h t i n g  c o n d i t i o n s  a l o n g  t h e  ground t r a c k  
w i l l  be good a t  a l l  l a t i t u d e s  due  to t h e  i n e r t i a l  r o t a t i o n  o f  
t h e  t e r m i n a t o r .  

B .  It i s  n e c e s s a r y  t o  d e t e r m i n e  t h e  means by which t h e  
PO r e t r o g r a d e  maneuver w i l l  be pe r fo rmed .  S i n c e  t h e  u s e  o f  a n  
aerodynamic d e b o o s t  h o l d s  t h e  p o t e n t i a l  f o r  a PO l a u n c h  weight  
r e d u c t i o n  by a f a c t o r  of  a p p r o x i m a t e l y  two o v e r  t h a t  r e q u i r e d  
f o r  a p u r e l y  p r o p u l s i v e  d e b o o s t ,  t h e  f e a s i b i l i t y  o f  a n  a e r o -  
dynamic r e t r o g r a d e  maneuver s h o u l d  be  i n v e s t i g a t e d .  

C .  Based on t h e  t r a j e c t o r y  c u r r e n t l y  u n d e r  s t u d y ,  t h e  
s u r f a c e  p r o b e s  l a n d  i n  t h e  d a r k  on a r e l a t i v e l y  u n d e f i n e d  s u r -  
f a c e  w i t h o u t  a d i r e c t  l i n e  o f  s i g h t  to t h e  MM. T h i s  i s  a h i g h  
r i s k  s i t u a t i o n  which c o u l d  r e s u l t  i n  t h e  f a i l u r e  o f  t h e  p robe  
m i s s i o n .  F u r t h e r  i n v e s t i g a t i o n  o f  v a r i o u s  means o f  p r o v i d i n g  
a r t i f i c i a l  l i g h t i n g ,  a u t o m a t i c  o b s t a c l e  a v o i d a n c e  sys tems,  or a 
command r e l a y  l i n k  between t h e  c rew and t h e  d e s c e n d i n g  p r o b e  i s  
needed .  

2 . 2 . 2 . 2 . 2  P re -RV L i f t o f f  O p e r a t i o n s  

A .  The one-minute t r a n s m i s s i o n  t i m e  i s  based  on t h e  e s t i -  
mated minimum p o s s i b l e  t i m e  f o r  t h e  f a c s i m i l e  camera t o  e x e c u t e  
one 360° r o t a t i o n .  The sun  e l e v a t i o n  a n g l e  w i l l  change by 
a p p r o x i m a t e l y  1/4" d u r i n g  t h i s  t r a n s m i s s i o n  p e r i o d  which c o u l d  
c a u s e  some l a c k  o f  d e f i n i t i o n  o f  s u r f a c e  f e a t u r e s  i n  t h e  v i s u a l  
d a t a .  However, t h i s  phenomenon i s  a n t i c i p a t e d  to e x e r t  a minor  
i n f l u e n c e  unde r  t h e  g e n e r a l  l i g h t i n g  c o n d i t i o n s  p r e v a i l i n g  
d u r i n g  t h e  o v e r a l l  one-minute t r a n s m i s s i o n  p e r i o d .  

B .  The r a n g e  and ,  t h e r e f o r e ,  t i m e  a t  which t h e s e  e x p e r i -  
men t s  a re  to be  a c t i v a t e d  as  w e l l  as t h e i r  r e q u i r e d  degree of  
a u t o m a t i o n  a re  p r e s e n t l y  u n d e f i n e d .  

C .  With r e g a r d  to o p t i m i z a t i o n  o f  s u r f a c e  s o i l  sample 
a c q u i s i t i o n , t h e  a d v a n t a g e s  o f f e red  by t h e  a v a i l a b i l i t y  f o r  com- 
p a r i s o n  o f  two t e r r a i n  panoramas from d i f f e r e n t  l a n d i n g  s i t e s  
u n d e r  t h e  same l i g h t i n g  c o n d i t i o n s  a re  n o t  o b v i o u s  and r e q u i r e  
f u r t h e r  i n v e s t i g a t i o n .  
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D .  The " r e a s o n a b l e n e s s "  of  a g i v e n  amount o f  t i m e  f o r  
t e r r a i n  a n a l y s i s  and r e l a t e d  d e c i s i o n  making i s  c u r r e n t l y  a 
v e r y  s u b j e c t i v e  m a t t e r  due  t o  t h e  a b s e n c e  of  f i r m  c rew p e r -  
formance c r i t e r i a  and t h e  u n c e r t a i n t i e s  i n  t h e  knowledge of 
t h e  m a r t i a n  s u r f a c e .  For  t h i s  r e a s o n  t h e  s p e c i f i e d  amount o f  
a n a l y s i s  and d e c i s i o n  making t i m e  ( a b o u t  34 m i n u t e s )  i s  p r i -  
m a r i l y  t h e  r e s u l t  o f  a t e n t a t i v e  c o n c l u s i o n  t h a t  m a r g i n a l l y  
a c c e D t a b l e  l i g h t i n g  c o n d i t i o n s  p r e v a i l  a t  a sun  e l e v a t i o n  a n g l e  
o f  abou t  e i g h t  d e g r e e s .  For example,  b e t t e r  l i g h t i n g  c o n d i t i o n s  
c o u l d  be o b t a i n e d  a t  t h e  expense  of a n a l y s i s  and d e c i s i o n  making 
t i m e  by s imply  a c q u i r i n g  t h e  MSSR f a c s i m i l e  panorama a t  a l a t e r  
t i m e .  I n  any  e v e n t ,  t h e  q u e s t i o n  as  t o  what a n a l y s i s  and d e c i -  
s i o n  making t h e  crew can  e x e c u t e  i n  a g i v e n  amount o f  t i m e  a f t e r  
b e i n g  p r e s e n t e d  w i t h  t h e i r  f i r s t  v iew o f  t h e  m a r t i a n  t e r r a i n  
r e q u i r e s  f u r t h e r  i n v e s t i g a t i o n .  It i s  a n t i c i p a t e d  t h a t  a t  t h e  
v e r y  l e a s t  s u r f a c e  o b s t a c l e  a v o i d a n c e  c o u l d  b e  pe r fo rmed .  

E .  Based on t h e  6 0 0 - l i n e  Surveyor  TV mode and t h e  da ta  

r a t e  c a p a c i t y  a t  -55 minu tes  ( i . e . ,  3 . 1  x lo7 b p s ) ,  i t  i s  e s t i -  
mated  t h a t  p i c t u r e s  can  b e  t r a n s m i t t e d  a t  t h e  r a t e  o f  a b o u t  85  
p e r  s econd .  T h i s  i s  c o n s i d e r e d  t o  p r o v i d e  e s s e n t i a l l y  a 
" r ea l  t i m e "  o b s e r v a t i o n  c a p a b i l i t y .  

2 . 2 . 2 . 2 . 3  RV F l i g h t  

A .  Due t o  t h e  c u r r e n t  c o p l a n a r  RV-MM r e n d e z v o u s  c o n s t r a i n t  
MSSR l a n d i n g  s i t e s  ( i . e . ,  RV l a u n c h  s i t e s )  a r e  r e s t r i c t e d  t o  a 
s i n g l e  c o n t i n u o u s  l i n e  on t h e  m a r t i a n  s u r f a c e  w i t h  end p o i n t s  a t  
a b o u t  37"N and 380s  l a t i t u d e ,  separated by a b o u t  180° i n  l o n g i -  
t u d e .  T h i s  l i m i t a t i o n ,  which hampers MSSR t a r g e t i n g  f l e x i b i l i t y ,  
c a n  b e  e l i m i n a t e d  b y  p r o v i d i n g  f o r  ou t -o f -p l ane  l a u n c h e s  o f  t h e  
RV. F u r t h e r  a n a l y s i s  of  t h e  non-coplanar  r endezvous  aimed a t  
r e l a x i n g  t h e  MSSR t a r g e t i n g  l i m i t a t i o n  i s  n e c e s s a r y .  

B .  The RV p r o f i l e  i s  based on a g u i d a n c e  sys t em which 
c o n s i s t s  o f  a n  on-board programmed a u t o p i l o t  f o r  t h e  f i r s t  two 
s t a g e s  o f  powered f l i g h t .  A t  t h i r d  s t a g e  i g n i t i o n  t h e  l o o p  i s  
c l o s e d  w i t h  v e h i c l e  f l i g h t  s u b s e q u e n t l y  b e i n g  c o n t r o l l e d  b y  t h e  
c rew v i a  r a d i o  command, u s i n g  b o t h  o p t i c a l  and radar t r a c k i n g  
i n f o r m a t i o n .  

C .  An i m p o r t a n t  c o n s i d e r a t i o n  which has p r e v i o u s l y  r e -  
c e i v e d  s c a n t  a t t e n t i o n  i s  t h e  t r a n s f e r  of t h e  s u r f a c e  samples  
f rom t h e  RV pay load  t o  t h e  MM i n  a manner such  t h a t  cross- 
c o n t a m i n a t i o n  i s  a v o i d e d .  T h i s  problem r e q u i r e s  e x a m i n a t i o n  
i n  d e p t h  from b o t h  t h e  o p e r a t i o n a l  and hardware p o i n t s  o f  view.  
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D .  S i n c e  t h e  t h i r d  s t a g e  o f  t h e  RV c o u l d  have  m a r t i a n  
b i o t a  on i t s  exposed s u r f a c e s ,  i t  may be d e s i r a b l e  to b r i n g  t h e  
e n t i r e  s t a g e  on-board t h e  MM.  I n  t h i s  mode t h e  t h i r d  s t a g e  of  
t h e  RV would s e r v e  as  a backup sample. 

2 . 2 . 2 . 2 . 4  D i r e c t  PO Pho tograph ic  Readout 

A .  The subphase  d u r a t i o n  i s  e s t a b l i s h e d  t h r o u g h  t h e  u s e  
of t h e  t r a n s m i s s i o n  e q u a t i o n  unde r  t h e  c o n s t r a i n t  o f  ma in tenance  
of t h e  s i g n a l - t o - n o i s e  r a t i o  o f  pho tographs  of  Lunar  O r b i t e r  
q u a l i t y .  The r e s u l t i n g  r e l a t i o n s h i p  e x p r e s s i n g  t h e  maximum 
r a n g e  to t h e  MM (R1) a s  a f u n c t i o n  o f  t h e  f i x e d  da t a  r a t e  (B1) 
f o r  d i r e c t  r e a d o u t  and t r a n s m i s s i o n  o f  PO p h o t o s  to t h e  M M ,  i s :  

R1 = R  

where R = r a n g e  from t r a n s m i t t e r  to r e c e i v e r  

DT = t r a n s m i s s i o n  a n t e n n a  diameter  

DR = r e c e i v e r  a n t e n n a  d i a m e t e r  

T = r e c e i v e r  n o i s e  t e m p e r a t u r e  

B = data  r a t e  

s u b s c r i p t s  

1 = t r a n s m i s s i o n  from PO to MM 

2 = t r a n s m i s s i o n  from Lunar O r b i t e r  to e a r t h  

The i n f o r m a t i o n  r a t e  (B1) i s  a d j u s t e d  by v a r y i n g  t h e  
number of l i n e s  used  to read o u t  t h e  pho tograph  (and  t h e r e f o r e  
t h e  image r e s o l u t i o n )  as w e l l  as  t h e  l i n e a r  v e l o c i t y  of  t h e  
" f l y i n g  s p o t "  which g e n e r a t e s  t h e  l i n e s .  To d e t e r m i n e  t h e  f i x e d  
da ta  r a t e ,  t h e  4 0  km x 40 km a r e a  cove red  by e a c h  pho to  i s  f i r s t  
assumed to be o v e r l a i d  by  1 4  x l o 3  l i n e s ,  p r o d u c i n g  8 m r e s o l u -  
t i o n .  The  " f l y i n g  s p o t "  l i n e a r  v e l o c i t y  i s  t h e n  assumed to be 
i n c r e a s e d  by a f a c t o r  of  t w o  o v e r  t h a t  of  t h e  o p e r a t i o n a l  Lunar 
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O r b i t e r  pho to  r e a d o u t  sys tem.  T h i s  r e p r e s e n t s  t h e  approx ima te  
u p p e r  l i m i t  o f  phosphor  drum r e a d o u t  t e c h n o l o g y .  The d a t a  r a t e  
s o  o b t a i n e d  i s  r e a s o n a b l y  r educed  by  a f a c t o r  o f  f o u r  for da ta  
compress ion  and c o d i n g ,  y i e l d i n g  t h e  d i r e c t  r e a d o u t  i n f o r m a t i o n  
r a t e  o f  % 8 . 3  x lo5 b p s .  
r e s p o n d i n g  subphase  d u r a t i o n  a re  5 .54  x l o 5  k m  and 1 5  h o u r s  
2 1  m i n u t e s ,  r e s p e c t i v e l y .  

The r e s u l t i n g  maximum r a n g e  and c o r -  

There are  two schemes which a p p e a r  t o  h o l d  t h e  most 
p o t e n t i a l  f o r  an i n c r e a s e  i n  t h e  number o f  PO p h o t o s  o b t a i n e d  
d u r i n g  t h i s  subphase .  The f i r s t  i s  t h e  p o s s i b l e  development 
o f  f l i g h t  weight  l a s e r  pho to  r e a d o u t  sys t ems  which c o u l d  g r e a t l y  
i n c r e a s e  t h e  c o n s t a n t  r e a d o u t  s p e e d  f o r  a f i x e d  number o f  
o v e r l a i d  l i n e s .  The o t h e r  i s  t h e  u s e  o f  a b u f f e r i n g  or p h o t o  
s t o r a g e  approach  as a means o f  e l i m i n a t i n g  t h e  d i r e c t  r e a d o u t  
da ta  r a t e  c o n s t r a i n t  r e s u l t i n g  f rom t h e  f i x e d  l i n e a r  v e l o c i t y  
o f  t h e  f l y i n g  s p o t .  The number o f  a d d i t i o n a l  p h o t o s  o b t a i n a b l e  
u s i n g  t h i s  method must be t raded  a g a i n s t  data  s t o r a g e  volume 
and weight  p e n a l t i e s  as w e l l  as r e l i a b i l i t y .  

B.  A s e c o n d a r y  b e n e f i t  o f  t h e  p a r a l l e l  mode o f  o p e r a -  
t i o n  i s  t h a t  t h r o u g h  redundancy it  i n c r e a s e s  t h e  p r o b a b i l i t y  
o f  o b t a i n i n g  a b a s i c  minimum o f  7 0  p h o t o g r a p h s .  

C .  It i s  a n t i c i p a t e d  t h a t  t h e  crew would p e r f o r m  some 
d e g r e e  o f  r e a l  t i m e  PO p h o t o g r a p h i c  p l a n n i n g .  However, f u r t h e r  
i n v e s t i g a t i o n  i s  needed t o  e s t a b l i s h  t h e  e x t e n t  to which t h i s  
p l a n n i n g  would b e  e f f e c t i v e .  

2 . 2 . 2 . 2 . 5  Pre-Break Even P o i n t  O p e r a t i o n s  

A .  The o p e r a t i o n a l  c o n f i g u r a t i o n  f o r  t h i s  subphase  i s  n o t  
o p t i m i z e d  w i t h  r e s p e c t  t o  data  r e t u r n .  For example,  t h e  sys t em,  
o p e r a t i o n a l ,  and o c c u l t a t i o n  c o n s t r a i n t s  d e t e r m i n e  t h e  v a r i o u s  
d i s c r e t e  data  ra tes  and t h e i r  c o r r e s p o n d i n g  t i m e  d u r a t i o n s  u n t i l  
s i g n a l - t o - n o i s e  d e g r a d a t i o n .  Where a c h o i c e  e x i s t s ,  t h e  r a t e s  
and  c o r r e s p o n d i n g  d u r a t i o n s  a r e ,  i n  g e n e r a l ,  s e l e c t e d  on t h e  
b a s i s  o f  e n g i n e e r i n g  judgement .  F u r t h e r  i n v e s t i g a t i o n  t o  o p t i -  
mize  t h e  data o u t p u t  f o r  t h i s  subphase  as w e l l  as t h e  e n t i r e  
m i s s i o n  i s  needed .  
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S u b j e c t :  I n t e r i m  Miss ion  Sequence P l a n  for Date: J u n e  1 5 ,  1 9 6 7  
t h e  E n c o u n t e r  P o r t i o n  of t h e  1 9 7 5  
Manned Mars Flyby Miss ion  - Case 233 From: E .  M .  Grenning  

D i s t r i b u t i o n  L i s t  

NASA H e a d q u a r t e r s  

Mess r s .  W .  W .  Boyes/MTY 
P .  E .  C u l b e r t  son/MLA 
J .  H .  Disher/MLD 
F. P .  Dixon/MTY 
R.  W .  Gillespie/MTY 
M .  Gruber/MTY 
E .  W .  Hall/MTS 
W .  J .  Hamon/MTY 
D. P .  Hearth/SL 
T. A .  Keegan/MA-2 
D. R .  Lord/MTD 
0. W .  Nicks/SL 
M .  J .  Raffensperger/MTE 
L. Reiffel/MA-6 
A.  D.  Schnyer/MTV 
R .  A .  Summers/MTS 
P .  G .  Thome/SL 
G .  S .  T r i m b l e / M T  

MS C - 
Messrs. J .  H .  

c. co 
D. E .  
G .  C .  
M .  A .  
W .  E 
J .  M. 

MSFC 

Messrs. H .  S .  
J .  W .  
R .  J .  
B.  G .  
F. L. 

Boynt on/FA4 
vington/ET23 

F ie lde r /FA4  
M i l l e r / E T 2  3 
S i l v e i r a / E T 2 5  
S toney  , Jr.  /ET 
W e s t / A D  

B e  c ke r / R -  AS-DIR 
Carter/R-AS-V 
H a r r i  s / R- AS -VP 
No b lit t /R- AERO-XA 
W i  lliams/R-AS-DIR 

KSC 

Messrs. J .  P .  Claybourne/EDV4 
- 

R .  C .  Hock/PPR2 
N .  P .  Sa lva i l /MC 

Langley  Resea rch  C e n t e r  
M r .  W .  R .  ~ook /60 .3OO 

Bellcomm, I n c .  I 
Anderson 
Boysen, J r .  
Chen 
Downs 
Hagner  
Havens t  e i n  
H i b b e r t  
H i t  t i n g e r  I 

Howard 
James 
M a r t e r s t e c k  

I 

Messrs. G .  M .  
A .  P .  
R .  K .  
J .  P .  
D .  R .  
P .  L.  
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B .  T .  
D .  B .  
K .  E .  
R .  K .  McFarland 
J .  Z .  Menard 
I .  D .  Nehama 
G .  T .  Orrok 
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P .  S .  Schaenman 
R .  L .  S e l d e n  
R .  V. S p e r r y  
J .  M .  T s c h i r g i  
J .  E .  V o l o n t e  
R .  L. Wagner 
J .  E .  Waldo 
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Department  1023 
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